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CHEMICAL  INDUSTRY  AND  SCIENCE  IN  THE  SIXTH  FIVE-YEAR  PLAN 


The  recently  terminated  Twentieth  Congress  of  the  C.P.S.U.  will  be  remembered  in  history  as  a  congress 
of  triumphant  builders  of  communism,  as  a  congress  signaling  the  newest  and  highest  stage  of  the  battle  of  the 
party  and  the  Soviet  people  to  realize  the  great ,  plan  of  Lenin  for  building  a  communist  society. 

The  report  of  the  Central  Committee  and  the  Directives  of  the  Twentieth  Congress  with  respect  to  the  Sixth 
Five-Year  Plan  reveal  grandiose  perspectives  for  further  accelerated  progress  for  our  nation  in  the  fields  of  tech¬ 
nology,  economy,  social,  cultural  and  scientific  life,  for  increasing  the  well-being  of  the  Soviet  people  and  the 
might  of  the  socialist  state.  These  perspectives  heighten  the  importance  of  our  party  and  our  Motherland  still 
more  in  the  eyes  of  the  natioas  of  the  world  and  instil  in  the  heart  of  each  Soviet  citizen  a  spirit  of  legitimate 
patriotic  pride. 

Having  fulfilled  the  Fifth  Five-Year  Plan,  the  Soviet  nation  has  achieved  a  powerful  new  rise  in  the  nation¬ 
al  economy  and  further  development  of  heavy  industry;  on  this  basis  it  has  achieved  a  steady  growth  in  agricul¬ 
ture  and  in  light  industry  and  food  production.  Having  maintained  outstanding  successes  in  economic  and  cul¬ 
tural  building,  the  Soviet  Union  has  taken  a  new  formidable  step  forward  along  the  path  of  gradual  transition 
from  socialism  to  communism. 

The  main  task  of  the  Sixth  Five-Year  Plan  for  development  of  the  national  economy  of  the  USSR  is;  on  the 
basis  of  preferential  development  of  heavy  industry,  a  continuous  technical  progress  and  increase  of  the  produc¬ 
tivity  of  labor  to  secure  the  further  mighty  growth  of  all  branches  of  the  national  economy  and  a  sharp  increase 
in  agricultural  production,  and  thus  achieve  a  significant  increase  of  the  material  well-being  and  cultural  level 
of  the  Soviet  nation. 

The  Directives  on  the  Sixth  Five-Year  Plan  envision  an  overall  increase  of  the  volume  of  industrial  produc¬ 
tion  of  65*70;  the  manufacture  of  the  means  of  production  should  increase  approximately  70%  and  the  production 
of  consumer  goods,  approximately  60%.  This  means  that  in  1960,  the  last  year  of  the  Sixth  Five-Year  Plan,  the 
volume  of  industrial  production  will  have  increased  to  three  times  that  of  1950. 

The  most  important  tasks  of  the  Five-Year  Plan  in  the  field  of  industry  require,  firstly,  advancing  the  de¬ 
velopment  of  ferrous  and  non-ferrous  metallurgy  and  the  petroleum,  coal  and  chemical  industries.  Up  to  the 
Great  October  Socialist  Revolution,  the  chemical  industry  of  Russia  was  fxjorly  developed.  Although  great  riches 
lay  hidden  deep  in  the  Russian  soil,  many  chemical  products  were  imported  to  us  from  abroad.  The  remarkable 
discoveries  and  investigations  of  Russian  chemists  found  no  practical  application  in  the  Motherland.  Only  under 
the  Soviet  power  did  the  chemical  industry  find  its  place  among  the  leading  branches  of  the  national  economy. 
The  Party  and  the  State  have  always  given  great  care  to  the  development  of  native  chemical  industry  and  science. 
In  1934  the  Seventeenth  Party  Congress  set  the  goal  for  attaining  significant  progress  in  developing  the  chemical 
industry  and  in  securing  broad  application  of  chemistry  in  all  branches  of  the  national  economy.  Starting  with 
the  Second  Five-Year  Plan  and  in  subsequent  plans,  our  native  chemistry  has  attained  considerable  success,  es¬ 
pecially  in  the  petroleum,  coal  and  shale  industries,  in  non-ferrous  and  ferrous  metallurgy,  fertilizers,  nitrate 
industry,  synthetic  rubber,  plastics  and  synthetic  fiber. 

Soviet  chemists,  in  collaboration  with  geologists,  have  discovered  new  petroleum  deposits.  Very  valuable 
investigations  were  carried  out  by  S.  V.  Lebedev  in  the  field  of  synthetic  rubber.  Due  to  his  investigatiais,  in 
progress  at  the  start  of  die  thirties,  this  industry  has  developed  vigorously  and  has  played  an  important  role  in 
the  national  economy  of  the  USSR.  In  recent  years  Soviet  chemists  have  had  striking  successes.  We  must  first 
of  all  note  the  achievements  of  Soviet  physicists  and  chemists  in  the  technology  of  nuclear-fuel  preparation  and 
in  the  chemistry  of  artifical  transuranium  elements.  Our  scientists  have  recently  performed  outstanding  work  in 
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the  field  of  chemistry  and  chemical  technology. 

However,  at  present,  the  state  of  our  chemical  industry  and  science  cannot  satisfy  the  rapidly  growing 
needs  of  the  national  economy.  Further  development  of  the  chemical  industry  has  now  become  a  very  im- 
portant  prerequisite  for  the  technical  progress  of  the  USSR,  Directives  of  the  Sixth  Five-Year  Plan  for  the  de- 
velojMTient  of  the  national  economy  of  the  USSR  for  1956-1960  envision  accelerated  tempos  of  development 
for  the  chemical  industry  and,  in  particular,  for  the  production  of  chemical  products  necessary  for  ensuring 
technical  progress  in  various  branches  of  the  national  economy.  The  Directives  demand:  an  approximate  IQfIc 
increase  during  the  Five-Year  Plan  in  the  output  of  factories  under  the  Chemical  Industry  Ministry  that  produce 
ammonia  and  caustic  soda;  increase  in  the  production  of  chemical  products  that  will  mean  an  increase  in  the 
harvest  of  agricultural  crops;  organization  of  the  production  of  new  types  of  concentrated  mineral  fertilizers 
and  new,  more  effective,  chemical  poisons  against  pests  and  diseases  of  agricultural  plants;  and  raising  the 
production  of  concentrated  phosphate  fertilizers  to  approximately  one  million  tons  a  year.  Provision  has  been 
made  for  the  large-scale  production  of  chemical  agents  to  be  used  against  weeds  in  order  to  secure  an  appre¬ 
ciable  decrease  in  labor  costs  on  agricultural  crops  and  also  in  order  to  sharply  increase  the  production  of  raw 
materials  for  mineral  fertilizers  —  apatite  concentrate,  phosphorites,  sulfuric  acid  and  sulfur  based  on  the 
utilization  of  natural  sulfur  deposits,  processing  of  copper- sulfate  ores  and  sulfur-containing  gases. 

It  is  necessary  to  secure  rapid  rates  of  development  in  the  production  and  processing  of  petroleum,  to  in¬ 
crease  the  production  of  light- petroleum  products  approximately  lOO'^o  and  the  production  of  lubricating  oils 
^CPh.  Provision  has  been  made  for  more  intensive  processing  of  petroleum.  The  quality  of  motor  and  tractor 
fuels  and  oils  must  be  improved;  the  anti- knock  properties  of  gasolines  must  be  improved;  the  sulfur  and 
paraffin  content  of  diesel  fuel  must  be  decreased;  the  body  and  efficiency  of  motor  and  diesel  fuels  must  be 
improved;  new  improved  technological  processes  and  methods  of  producing  petroleum  products  must  be  in¬ 
corporated  in  those  petroleum-processing  factories  that  are  being  built  and  are  undergoing  reconstruction.  It 
is  necessary  to  develop  the  gas  industry  as  rapidly  as  possible,  to  increase  the  utilization  of  gas  in  the  national 
economy  as  chemical  raw  material  and  fuel  and  also  for  daily  needs,  and  to  increase  producticHi  of  gas  approx¬ 
imately  290%  during  the  five-year  period. 

One  of  the  most  important  tasks  of  the  chemical  and  petroleum  industry  was  considered  by  the  Twentieth 
Congress  to  be  the  necessity  for  a  sharp  increase  in  the  utilization  of  petroleum  (natural)  gases  and  petroleum 
products  for  the  production  of  synthetic  rubber,  alcdiol,  detergents  and  other  chemical  products  in  order  to 
completely  replace  food  products  that  are  used  for  industrial  purposes  by  synthetic  raw  materials  in  the  course 
of  the  Sixth  Five-Year  Plan.  It  is  necessary  to  increase  the  production  of  synthetic  rubber  120%and  to  increase 
the  output  of  chemicals,  due  to  better  utilization  of  coke  oven  gas  and  coal-coking  products. 

The  Directives  provide  for  the  expansion  of  the  variety  and  output  of  synthetic  resins,  high-quality  lacs 
and  dyes,  plastics,  electric- insula  tor  materials,  synthetic  materials  for  machine-building,  electronic  and  other 
materials  of  the  national  economy,  and  for  an  approximately  1007o  increase  in  auto-tire  production.  Provision 
has  also  been  made  for  appreciable  development  of  the  paper  industry;  for  increase  in  the  production  of  vari¬ 
ous  types  of  paper  and  cardboard,  application  of  progressive  methods  of  digesting  cellulose  and  hemicellulose, 
hydrolyzing  wood,  and  for  increasing  the  production  of  hydrolysis  and  sulfite  alcohol  by  130%. 

In  the  field  of  light  industry,  provision  has  been  made  for  further  expansion  of  production,  improvement 
in  quality  and  variety  of  consumer  goods,  and  especially  for  a  broad  increase  in  the  output  of  textile  material. 

The  output  of  artificial  fiber  will  reach  330  thousand  tons  in  1960  (of  which  44  thousand  tons  will  be  syn¬ 
thetic  fiber),  or  five  times  as  much  as  in  1950.  Provision  has  been  made  for  expansion  of  scientific  research 
work  in  the  field  of  production  and  processing  of  artificial  fiber,  synthetic  fiber  in  particular,  and  a  search  for 
methods  of  decreasing  the  losses  of  taw  material  in  the  textile  and  light  industries.  To  attain  additional  re¬ 
serves  of  sugar  and  vegetable  oil,  provision  has  been  made  for  wide  application  of  separation  methods  for  sugar 
extraction  of  sugar-beet  syrup,  and  an  extraction  method  for  extracting  oil  from  olive  seeds. 

Provision  has  been  made  for  further  application  in  chemical  industry  of  new  effective  technological  proc¬ 
esses  and  high-production  equipment;  for  intensive  development  in  the  manufacture  of  instruments  for  control¬ 
ling  and  regulating  technological  processes,  and  for  the  output  of  high-production  equipment  for  the  chemical 
industry.  This  is  indeed  an  immense,  labor-consuming,  but  praiseworthy,  program  of  work  during  the  five-year 
period  for  chemists,  workers  and  scientists* 
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The  reports  of  Comrades  N.  S.  Khrushchev  and  N,  A.  Bulganin  cited  the  special  importance  of  increasing 
in  every  way  the  production  of  synthetic  chemicals  from  petroleum  products  and  natural  gases  to  increase  the 
output  of  artificial  fabrics  and  also  food  substitutes.  This  area  certainly  presents  a  great  task  for  our  scientific 
research  institutes  as  well  as  for  the  factories  of  the  chemical  industry,  which  have  given  insufficient  attention 
to  the  development  of  this  important  branch  of  the  industrial  economy.  Natural  gases  and  petroleum  products, 
as  chemical  raw  materials,  are  still  used  insufficiently  and  the  task  of  our  scientists  is  to  assist  industry  in  util¬ 
izing  these  valuable  resources  in  the  service  of  the  national  economy. 

The  speech  of  M.  G.  Pervukhin  at  the  Twentieth  Congress  of  the  C.P.S.U.  contained  justifiable  reproaches 
to  chemists,  workers  and  scientists.  He  directed  attention,  for  example,  to  die  fact  that  in  the  past  year,  of  15 
billion  cubic  meters  of  coke-oven  gas,  only  5.3*70  was  used  for  chemical  processing  in  the  preparation  of  ammo¬ 
nia  and  organic  chemicals.  The  remainder  of  this  gas  was  used  by  metallurgical  factories  simply  as  fuel.  Mean¬ 
while,  it  is  fully  possible  from  a  technical  point  of  view  to  use  a  considerable  portion  of  the  coke-oven  gas  as 
raw  material  for  chemical  production.  It  is  very  important  to  more  fully  utilize  ethylene,  contained  in  coke- 
oven  gas,  for  the  production  of  polyethylene  and  synthetic  alcohol.  Thus,  the  country  may  obtain  a  considera¬ 
bly  larger  quantity  of  diverse  organic  chemicals  and  mineral  fertilizers. 

Many  criticisms  were  heard  from  the  rostrum  of  the  Twentieth  Congress  of  the  C.P.S.U.  in  the  statements 
of  our  scientists  with  respect  to  many  defects  in  scientific  work  and  in  the  field  of  chemistry.  Indeed,  our 
country  has  an  immense  material  scientific  base  and  a  multitudinous  army  of  scientists!  While  in  Czarist  Rus¬ 
sia,  where,  aside  from  the  Academy  of  Sciences,  only  the  laboratories  of  nine  universities  and  several  other 
institutions  of  higher  learning  concerned  themselves  with  science,  there  are  now  in  the  USSR  almost  800  insti¬ 
tutions  of  higher  education,  among  which  stand  such  giants  as  the  Moscow  State  University,  several  thousands 
of  scientific  departmental  branch  institutes  of  industry  and  agriculture,  a  system  of  public  health  care,  and  a 
science  center  -  the  Academy  of  Sciences  of  the  USSR  with  its  120  scientific  institutes  and  laboratories  and, 
moreover,  thirteen  academies  of  science  of  the  Union  Republics.  All  this  offers  great  possibilities  for  solution 
of  the  principal  and  most  important  scientific  problems. 

Concentrating  their  efforts,  first  of  all,  on  the  treatment  of  current  scientific  problems  that  are  of  prime 
national  economic  importance,  the  scientific  research  institutes  and  institutions  of  higher  education  should 
reach  that  level  on  which  scientific  problems  are  treated  profoundly  and  from  many  sides,  in  order  that  these 
investigations  may  more  rapidly  reach  completion  and  the  results  applied  to  production.  There  must  be  an  end 
to  the  situation  in  which  the  associates  and  laboratories  of  various  scientific  institutions  are  unproductive  for 
long  periods  of  time  with  respect  to  serious  scientific  production. 

The  First  Secretary  of  the  Central  Committee  of  the  C.P.S.U.,  Comrade  N.  S.  Khrushchev,  in  his  clear 
report  to  the  Party  Congress,  expressed  the  deep  gratitude  of  the  people  to  our  scientists  for  their  fruitful  work. 
Gratitude  to  our  native  Communist  Party  and  the  Soviet  people  obliges  chemists  to  selflessly  work  for  the  bene¬ 
fit  of  the  Motherland  and  to  devote  all  their  efforts  and  knowledge  to  the  great  cause  of  building  Communism. 

G.,  V.  Zavarukhiii 
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THERMOGRAPHIC  INVESTIGATION  OF  THE  MOST  IMPORTANT  SATURATED 


HETEROPOLY  ACIDS 


E.A.  Nikitina  and  E.V.  Buris 


Heteropoly  compounds  are  characterized  by  their  considerable  water  content  (up  to  30  or  more  water-of- 
crystallization  molecules  in  the  coordination  formula);  the  works  of  A.V.  Rakovsky  and  co-workers  [11  in  which 
Van  Bemmelen’s  method  was  used,  established  that;  1)  the  water  of  crystallization  fcwms  solid  solutions  as  well 
as  typical  hydrates,  both  of  which  types  are  metastable,  and  2)  a  small  portion  of  the  water  of  crystallization  and 
all  water  of  constitution  of  heteropoly  compounds  is  more  firmly  bound;  thus,  over  concentrated  sulfuric  acid 
phosphotungstic  acid  retains  6  molecules  water  of  crystallizaticn  and  all  water  of  cunstitutmn;  ,  phosphomolyb- 
dic  acid  loses  all  of  its  water  of  crystallization  and  most  of  its  water  of  constitution,  retaining  only  1 

molecule  of  the  latter.  OverH2S04  silicomolybdic  acid  retains  about  4  molecules  of  water  of  crystallization  and 
all  of  the  water  of  constitution. 

Our  problem  was  to  determine  the  stability  of  the  water -molecule  bonds  in  practically  important  heteropoly 
acids;  phosphomolybdic,  {^ospho tungstic,  silicotungstic  and  silicomolybdic.  We  thought  an  investigation  of  this 
type  might  offer  new  corroboration  of  the  coordination  theory  of  the  structure  of  heteropoly  compounds  and  would 
establish  the  thermal  stability  of  the  most  important  heteropoly  acids;  up  to  the  present  this  property  of  the  in¬ 
vestigated  compounds  has  not  been  fully  ascertained. 

EXPERIMENTAL 

The  heating  curves  were  recorded  [2]  on  a  N.S.  Kumakov  recording  pyrometer  with  a  simple  and  differential 
recorder.  Heating  of  the  investigated  samples  was  carried  out  in  a  crucible  furnace  in  which  was  placed  a  large 
crucible  filled  with  powdered  AI2O3;  two  small  Stepanov  vessels  which  contained  the  investigated  sample  and  a 
standard  for  the  differential  recorder  were  placed  in  the  crucible.  AI2O3,  calcined  and  ground  in  a  mortar,  served 
as  the  standard.  The  hot  junctions  of  the  thermocouples  were  placed  in  the  Stepanov  vessel;  the  furnace  was  in¬ 
sulated  on  top  by  asbestos.  A  chromel-alumel  thermocouple  was  used  for  the  work.  The  instrument  was  graduated 
up  to  550*.  The  recording  was  continued  for  1-1.5  hours;  the  furnace  was  heated  up  at  the  rate  of  2-5*  per  minute. 
To  determine  the  nature  of  the  dehydration  processes  that  were  taking  place,  the  samples  were  weighed  before  and 
after  transformation. 

The  starting  substances  were  prepared  by  previously  devised  methods  [3]  and  were  dried  in  desiccators  over 
H2SO4.  The  first  record  was  of  the  heating  curve  of  phosphomolybdic  acid;  the  initial  preparation  contained  13.5 
molecules  of  H2O.  The  heating  curve  of  phosphomolybdic  acid  showed  two  endothermal  effects  at  114  and  164* 
(Fig.  1);  as  the  temperature  rose  further,  the  form  of  the  heating  curve  indicated  the  presence  of  the  transforma¬ 
tion  process  which  proceeded  slowly  over  an  extended  temperature  interval.  The  meaning  of  die  first  endothermal 
effect  at  114*  lay  in  the  loss  of  7.5  molecules  of  H2O  by  the  heteropoly  acid;  at  114*  the  acid  had  the  composi¬ 
tion  H7rP(Mo207)6]  •  6H2O.  After  the  second  effect  at  164*,  the  acid  lost  all  its  water  of  crystallization  and  had  the 
composition  H7[P(Mo207)g].  It  is  very  interesting  to  note  that  at  the  above  temperature  the  complex  anion  remained 
intact  and  the  dehydrated  acid  dissolved  completely  in  water  without  turbidity. 

Further  heating  brought  about  the  gradual  decomposition  of  the  acid.  At  270*  the  acid  lost  part  of  water  of 
constitution  and  had  the  composition  P2O5  •24M0O3  •2H2O;  at  350*  further  dehydration  took  place  and  more 
water  of  constitution  was  lost;  at  this  temperature  the  composition  of  the  acid  was  P205*  24Mo03*  I.6H2O. 

At  450*  the  acid  was  completely  dehydrated  to  a  sum  of  oxides  P205*  24M0O3. 


Fig.  1.  Heating  curve  of  phosphotnolybdic  acid.  Fig.  2  Heating  curve  of  phosphotungstic  acid. 


Fig,  3.  Heating  curve  of  silicomolybdic  acid.  Fig.  4.  Heating  curve  of  silicotungstic  acid. 


Phosphotungstic  acid,  the  thermogram  of  which  we  recorded,  had  the  composition  Hy[P(W207)6]'  ISHjO. 

The  heating  curve  of  the  heteropoly  acid  shows  two  endothermal  effects  at  109  and  271-286*  (Fig.  2).  The  loss 
of  9  molecules  of  water  of  crystallization  took  place  at  109*;  at  this  temperature  the  acid  existed  in  the  form  of 
the  hydrate  HTtPfWjO,)^]*  F^O,  In  the  temperature  region  271-286*  the  anhydrous  acid  formed,  which  had  com¬ 
position  HjfPfWjCV)^],  and  gradually  decomposed  on  further  heating.  On  being  heated  to  380*,  phosphotungstic 
acid  lost  a  large  part  of  its  water  of  constitution  and  formed  a  product  with  the  composition  P205*24W03- 
I.7H2O,  which  upon  losing  water  at  550*,  converted  to  the  sum  of  oxides  P2O5-24WOS, 

The  silicomolybdic  acid  which  we  took  for  thermographic  investigation  had  the  formula:  Hg[Si(Mo20f)8]- 
2IH2O.  The  heating  curve  of  this  sample  showed  two  endothermal  effects  at  112  and  150*  (Fig.  3).  An  investiga¬ 
tion  of  the  character  of  the  first  process  showed  that  at  112*  the  heteropoly  acid  lost  12  molecules  of  water  and 
was  converted  into  the  hydrate  with  composition  HgfSifMojO;)^]*  91^0.  The  second  endothermal  effect  at  150* 
corresponded  to  die  moment  of  complete  loss  of  water  of  crystallization  of  silicomolybdic  acid,  i.e.,  to  the  form¬ 
ation  of  H2[Si(Mo207)5];  the  dehydrated  acid  was  stable  and  began  to  decompose  only  upon  further  increase  in 
temperature;  complete  decomposition  of  the  heteropoly  acid  was  complete  at  about  420*  when  the  sum  of  oxides 
Si02*  ]2Mo03  formed. 

The  silicotungstic  acid  which  we  used  for  thermographic  investigation  corresponded  to  the  hydrate  with  18 
water  molecules:  H3[Si(W207)j]*  I8H2O.  The  thermogram  of  silicotungstic  acid  showed  two  endothermal  effects 
at  125  and  280*;  further  heating  did  not  result  in  any  well-defined  thermal  effects  on  the  heating  curve  (Fig,  4). 


718 


A  study  of  the  character  of  the  dehydration  processes  of  silicotungstic  acid  showed  that  the  endothermal  effect, 
noted  at  125*,  corresponded  to  a  loss  of  14  molecules  of  water  by  the  heteropoly  acid;  therefore,  at  this  tempera¬ 
ture  the  crystal  hydrate  of  composition  H8[Si(W207)8]*4H20  formed.  The  second  endothermal  effect  at  280*  cor¬ 
responded  to  the  complete  loss  of  all  the  hydrate  water  by  the  heteropoly  acid,  i.e.,  to  the  formation  of  the  com¬ 
pound  Hg[Si(W20T)6], 

On  further  heating,  the  silicotungstic  acid  gradually  decomposed  and  gave  off  water  of  constitution.  An  in¬ 
vestigation  of  the  solid  phase,  in  the  interval  450-480*,  showed  that  at  this  temperature  the  heteropoly  acid  lost 
half  its  water  of  constitution  and  that  its  composition  was  Si02*  12WO^  *21120:  at  520*  the  silicotungstic  acid  lost 
all  water  of  constitution  and  converted  to  a  product  with  the  composition  Si02*  12WO3, 

DISCUSSION  OF  RESULTS 

According  to  the  literature  data,  phosphomolybdic  acid  forms  crystal  hydrates  of  the  following  composition: 
with  12.5,  14,  16,  22,  27,  28,  29  and  30  molecules  of  H2O:  investigation  of  the  binary  system  H7[P(Mo207)6]— H2O 
[4]  by  the  solubility  method  revealed  the  existence  of  hydrates  containing  about  21  and  22  molecules  of  water; 
tensimetric  investigations  [4]  revealed  that  hydrates  also  exist  with  11.26,  6  and  2.6  molecules  of  water;  thermo¬ 
graphic  investigation  corroborated  the  existence  of  a  hydrate  with  6  molecules  of  H2O  and  indicated  the  dehydra¬ 
tion  temperature  of  the  heteropoly  compound. 

According  to  the  literature  data,  phosphotungstic  acid  forms  hydrates  with  5.7,  14,  16.5,  19,  20,  21,  23,  24^ 
26,  27.5,  28,  29  and  30  molecules  of  water.  The  solubility  method  established  the  existence  of  hydrates  contain¬ 
ing  23.84,  26.5,  22,  16  and  11  molecules  of  H2O;  the  tensimetric  method  revealed  hydrates  containing  21,  17,  88 
and  9  molecules  of  H2O. 

The  thermographic  method  led  to  the  discovery  of  a  new  hydrate  for  phosphotungstic  acid,  which  contains 
4  molecules  of  H2O. 

According  to  die  literature  data,  silicomolybdic  acid  forms  hydrates  containing  12,  13,  14,  17,  28  and  29 
molecules  of  HjO;  the  solubility  method  [5]  revealed  the  existence  of  hydrates  with  14,  15.3  and  17.8  molecules 
of  H2O:  tensimetric  investigation  indicated  the  existence  of  hydrates  with  10.38  and  5  molecules  of  HjO. 

In  the  case  of  silicomolybdic  acid  ,  the  record  of  the  heating  curve  established  the  existence  of  another  as 
yet  unknown  (in  literature  data)  hydrate  with  9  molecules  of  H^O. 

According  to  the  literature  data,  the  known  hydrates  of  silicotungstic  acid  contain  5,  11,  12,  14,  15,  16.5, 

17,  18,  19,  21,  22,  23,  24,  27,  30  and  31  molecules  of  HjO.  The  thermographic  method  established  the  existence 
of  a  new,  unknown  in  the  literature,  crystal  hydrate  with  4  molecules  of  H^O.  The  assertion  [6]  was  proven  false 
that  the  last  2  molecules  of  water  of  constitution  of  silicotungstic  acid  are  lost  at  370*;  we  established  a  higher 
temperature  for  complete  dehydration  (520®). 

The  thermographic  method  also  corroborated  the  isothermal  investigation  data  on  the  dissociation  pressure 
of  crystal  hydrates  of  heteropoly  acids  and  showed  that  a  small  number  of  water  of  crystallization  molecules  (6  in 
the  case  of  phosphomolybdic,  4  in  the  case  of  phosphotungstic  and  silicotungstic,  9  in  the  case  of  silicomolybdic) 
are  bound  very  firmly  in  comparison  to  the  other  water  molecules  and  go  off  at  a  higher  temperature. 

It  is  interesting  that  silicomolybdic  acid  and  next  phosphomolybdic  acid  contain  the  largest  amounts  of 
water  molecules;  whether  or  not  this  phenomenon  is  related  in  some  way  to  the  structural  peculiarities  of  hetero- 
polymolybdic  acids  is  still  unclear. 

The  thermographic  investigation  that  was  conducted  showed  very  clearly  that  water  :f  constitution  is  the 
most  firmly  bound  water  in  heteropoly  acids,  the  loss  of  which  effects  the  decomposition  of  the  heteropoly  com¬ 
pound.  The  thermograms  which  we  obtained  convincingly  showed  that  the  heteropoly  acids  with  phosphorus  com- 
plex-formers  are  heptabasic  and  those  with  silicon  complex-formers  octabasic;  thus,  the  thermographic  investiga¬ 
tion  also  confirms  the  high  basicity  of  heteropoly  acids  as  predicted  by  the  coordination  theory. 

SUMMARY 

1.  Heating  curves  of  phosphomolybdic,  phosphotungstic,  silicomolybdic  and  silicotungstic  acids  were  record¬ 
ed  by  means  of  N.S,  Kurnakov’s  pyrometer. 

2.  It  was  determined  by  a  thermographic  method  that  water  ;f  c.iistituriaii  is  more  firmly  bound  than  the 
water  of  crystallization  and  is  lost  at  temperatures  of  200-520*. 
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3.  The  quantity  of  water  of  constitution  exactly  corresponds  to  the  basicity  of  the  heteropoly  acids  as  fore¬ 
seen  by  the  coordination  theory. 

4.  The  thermographic  method  established  the  existence  of  new  hydrates  of  the  heteropoly  acids;  a  hydrate 
with  4  molecules  of  H2O  for  phosphotungstic  and  silicotungstic  acids  and  a  hydrate  with  9  molecules  of  HjO  for 
silicomolybdic  acid. 


LITERATURE  CITED 

[1]  A.V.  Rakovsky  and  E.A.  Nikitina,  J.  Gen.  Chem.,  2,  681  (1932);  A.V.  Rakovsky  and  A.V.  Babaeva, 
J.  Gen.  Chem„  3,  59  (1933). 

[2]  L.G.  Berg,  A.V.  Nikolaev  and  E.Ya.  Rode,  Thermography  ( 1944). 

[3]  E.A.  Nikitina,  J.  Gen.  Chem.,  7,  2609(1937);  J.  Phys.  Chem.,  10,  1194(1937). 

[4]  A.V.  Rakovsky  and  E.A.  Nikitina,  J.  Gen.  Chem.,  6,  50  (1936). 

[5]  E.A.  Nikitina,  J.  Gen.  Chem.,  8,  751  (1938). 

[6]  Wyrouboft  Bull,  soc,  franc,  mineral,,  19,  219  (1896), 

Received  April  30,  1955  Institute  of  Chemical  Reagents 


720 


STUDY  OF  CHLORINATION  REACTIONS  OF  TITANIUM  MONOXIDE 


A.N.  Zelikman  and  T.  Segarchanu 


Titanium  tetrachloride  is  the  basic  starting  material  for  the  production  of  metallic  titanium.  In  this  con¬ 
nection,  study  of  the  chlorination  conditions  of  various  titanium  compounds  is  of  great  practical  importance. 

The  chlorination  reactions  of  titanium  dioxide  with  chlorine  and  other  chlorinating  agents  were  investigated 
by  a  number  of  authors  [1-3].  In  absence  of  reducing  agent,  the  start  of  chlorination  by  chlorine  with  the  forma¬ 
tion  of  TiCl4  and  evolution  of  oxygen  was  observed  at  800-1000*: 

TiOj  +  2CI2  =  TiCl4  +  O2.  (1) 

We  must  take  in  account  that  the  concept  "temperature  of  the  start  of  chlorination"  is  conditicxial.  Most  of 
the  authors  take  for  the  temperature  of  the  start  of  chlorination  that  temperature  at  which,  during  one  hour,  V’jo  of 
the  oxide  enters  into  the  reaction. 

In  presence  of  carbon  the  temperature  of  the  start  of  chlorination  of  TiO^  decreases  to  approximately  350- 
400*,  which  is  due  to  the  binding  of  oxygen  in  oxides  of  carbon: 

TiOz  +  2CI2  +  C  =  TiCl4  +  CO2,  (2) 

Ti02  +  2CI2  +  2C  =  TiCl4  +2CO.  (3) 

The  chlorination  conditions  of  the  lower  oxides  of  titanium  (Ti203,  TiO)  were  not  investigated.  There  re¬ 
cently  appeared  mention  that  the  lower  oxides  chlorinate  at  a  lower  temperature  than  Ti02  [4], 

The  interaction  between  chlorine  and  titanium  monoxide  might  be  theoretically  supposed  to  go  according 
to  the  following  two  reactions: 

TiO  +  2CI2  =  TiCl4  +  V2O2.  (4) 

2TiO  +  2CI2  =  TiCl4  +  TiOj.  (5) 

In  presence  of  carbon  chlorination  may  proceed  by  reactions: 

TiO  +  2CI2  +  C  =  TiCl4  +  CO,  (6) 

2TiO  +  4CI2  +  C  =  2TiCl4  +  CO2.  (7) 

Using  the  available  data  on  the  heat  capacities,  entropy  values  and  heat  contents  of  the  compounds  that 
participate  in  the  discussed  reactions  (1-7)  we  calculated  the  changes  of  the  free  energy  as  a  function  of  tempera¬ 
ture  for  these  reactions  [6]. 

The  dependence  of  aF  on  temperature  in  the  interval  200-700*  is  graphically  shown  in  Figure  1.  Figure  1 
shows  that  all  the  chlorination  reactions  of  titanium  dioxide  with  chlorine  take  place  with  a  smaller  change  of 
free  energy  than  the  corresponding  chlorination  reaction  of  titanium  monoxide.  Of  the  two  possible  chlorination 
reactions  of  TiO  in  the  absence  of  carbon.  Reaction  (5)  takes  place  with  the  greater  change  of  AF. 

Thus,  it  follows  from  the  thermodynamic  calculations  that  titanium  monoxide  should  chlorinate  more  ac¬ 
tively  than  titanium  dioxide. 

EXPERIMENTAL 

Titanium  monoxide  was  prepared  by  reduction  of  titanium  dioxide  with  titanium  powder  [5]  according  to 
reaction:  Ti02  +  Ti  =  2TiO. 
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Pure  dioxide  and  metallic  titanium  powder  were  used. 
Their  impurity  content  did  not  exceed  O.syo.  Pressed  cyl¬ 
indrical  samples  (from  a  mixture  of  TiO  +  Ti)  were  heated 
in  a  vacuum  furnace  at  1500-1600*  with  a  pressure  of 
7.5*  10'*  mm  Hg  in  the  course  of  two  hours.  The  scheme 
of  the  vacuum  furnace  is  given  in  Figure  2.  A  graphite 
tube,  held  between  two  cooled  copper  electrodes,  served 
as  the  heater.  To  avoid  contact  of  the  sample  with  the 
graphite,  the  sample  was  placed  on  a  stand  of  thorium  di¬ 
oxide. 

The  obtained  briquets  were  of  a  uniform  yellow- 
bronze  color  along  their  whole  cross-section.  X-ray  analy¬ 
sis  of  the  obtained  powder  showed  that  the  product  had  a 
face-centered  cubic  lattice  (NaCl  type)  with  parameter 
a  =  4.16  A,  which  corresponds  to  the  literature  data  for  the 
lattice  of  titanium  monoxide.  Figure  3  shows  the  x-ray 
photograph  of  titanium  monoxide. 

Method  of  investigation.  The  chlorination  study  of 
titanium  monoxide  was  carried  out  on  the  apparatus  shown 
in  Figure  4. 

In  a  porcelain  tube,  heated  by  a  tube  electric  furnace, 
was  placed  a  porcelain  boat  with  the  investigated  substance. 
For  drying,  the  chlorine  was  passed  through  a  Tishchenko 
bottle  with  sulfuric  acid  and  a  column  with  phosphoric  anhydride.  In  certain  experiments,  moreover,  the  chlorine 
was  purified  from  admixture  of  oxygen  by  being  passed  through  a  tube  with  activated  carbon  (heated  to  700-800*). 
The  rate  of  passage  of  the  chlorine  was  3.5-4  liters /hour. 

Titanium  chloride  was  collected  in  a  flask  with  an  outlet  tube.  The  excess  chlorine  was  absorbed  by  alkali 
solution. 

Until  the  temperature  of  the  experiment  was  attained,  an  inert  gas,  nitrogen  or  argon,  was  passed  into  the 
system  and  then  chlorine  was  passed  in.  Cooling  was  carried  out  in  an  inert  gas. 

The  degree  of  chlorination  was  gauged  by  the  weight 
of  the  calcined  residue  after  chlorination  and  by  the  quan¬ 
tity  of  TiCl4  formed.  For  this  purpose  the  TiCl4  collected 
in  the  condensation  system  was  subjected  to  hydrolysis  and 
the  quantity  of  TiOj  was  determined  gravimetrically. 

Experimental  Results  and  Discussion. 

The  chlorination  experiments  were  carried  out  at  a 
temperature  from  300  to  700*.  The  object  of  the  study  was 
the  degree  of  chlorination  of  the  pure  TiO  and  TiO  in  mix¬ 
ture  with  carbon,  the  quantity  of  which  was  taken  from  cal¬ 
culation  according  to  Reaction  (6)*.  The  duration  of  the 
experiment  was  one  hour.  For  comparison  of  the  ease  of 
chlorination  of  TiO  and  Ti02  we  carried  out  several  chlori¬ 
nation  experiments  with  titanium  dioxide  in  presence  of 
carbon.  A  stoichiometric  quantity  of  carbon  was  taken  ac¬ 
cording  to  Reaction  (3)  (Table  1-3,  Figure  5). 

The  degree  of  chlorination,  calculated  by  the  weight 
of  the  calcined  residue,  was  in  all  cases  higher  than  that 
calculated  by  the  condensed  TiCl4.  The  first  value  is  more 

*We  used  calcined  lamp  black  with  an  ash  content  no  higher  than  0.04‘ya 


Fig.  2.  Scheme  of  vacuum  furnace.  1)  Water- 
cooled  current- lead  tubes;  2)  graphite  heater; 

3)  vacuum  chamber;  4)  diffusion  pump;  5)  pre¬ 
vacuum  pump;  6)  McLeod  manometer;  7)  trans¬ 
former;  8)  vacuum  seal,  9)  clamp  spring. 
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Fig.  1.  Change  of  free  energy  of  chlorination 
reactions  of  the  monoxide  and  dioxide  of  ti¬ 
tanium  as  a  function  of  the  temperature. 

1)  TiOj  +  2Cl2  TiCl4  +  O,.  2)  TiO^  +  2CI2  + 
+  C  =  TiCl4  +  2CO.  3)  TiO^  +  2CI2  +  C  = 

=  TiCl4  +  COj.  4)  TiO  +  2Cl2  =  TiCl4  +  y202. 

5)  2TiO  +  2Cl2  =  TiCl4  +  TiO^,  6)  TiO  +  2Cl2  + 
+  C  =  TiCl4  +  CO.  7)  2TiO  +  4CI2  +  C  = 

=  2TiCl4  +  CO2. 
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iicciiratf,  siiirc  losses  occurred  during  collectiou  and  also  during  hydrolysis. 

The  experiments  showed  that  chlorination  of  I’io  with  chlorine  proceeds  it  a  considerable  rate  even  at  300* 
while  the  start  of  chlorination  of  Titig  wiTl'  flilorine  is  above  800*.  At  temperatures  of  400-700*  the  degree  of 
chlori natitui  of  'I  it’’  does  not  de[K*nd  on  the  tem|X'rature  and  is  40-r)()%.  It  follows  from  this  that  chlorination  of 
titanium  monoxide  with  chlorine  takes  plaix-  in  this  temperature  interval  according  to  the  reaction: 

‘2  l  id  I  ‘iCJlj  Tun4  +  rio^, 

which  agrees  with  the  com  lnsions  reached  from  thermodynamic  calculation. 

After  hO';.  of  the  titanium  monoxide  reacts,  only  titanium  dioxide  remains  in  tlie  boat,  the  marked  chlori¬ 
nation  of  which  takes  place  only  above  800".  In  presence  of  carbon  the  degree  of  chlorination  of  TiO  reaches 
0?'  at  b(t0*.  while  under  the  same  conditions*  f  itig  is  chlorinated  to  no  greater  extent  tlian  50%.  Since  upon 
clilorination  of  Ti(^  there  forms  Tid2.  a  smaller  difference  in  the  degree  of  chlorination  of  Tid  and  Ti02  in  mix¬ 
ture  with  carbon  might  have  been  expected.  Ihwever,  it  must  be  noted  that  the  titanium  dioxide  that  forms  upon 
ehlorinatioti  of  Till  must  be  more  active,  since  the  reaction  with  carbon  and  chlorine  takes  place  with  simulta¬ 
neous  rebuilding  of  tite  TiO  lattice  into  the  Ti02  lattice.  Hence,  the  chlorination  temperature  may  be  lowered 
considerably  if  the  oxygen  compound  of  titanium  is  preliminarily  reduced  to  the  titanium  monoxide. 


Fig,  3.  X-ray  photograph  of  titanium  monoxide. 


1  ig.  4,  Scheme  of  chlorination  apparatus.  1)  Resistance 
furnace;  2)  porcelain  tube  with  adapter;  3)  flask  with 
outlet  tube;  4)  thermocouple;  5)  flow-meter;  6)  column 
with  phosphoras  pentachloride;  7)  Tishchenko  bottle  with 
sulfuric  acid;  8)  Tishchenko  bottle  witli  water,  9)  vessel 
with  alkali. 


% 


Fig.  5.  Degree  of  chlorination  of  monoxide  and 
dioxide  of  titanium  as  a  function  of  temperature. 
1)  TiO  I-  C;  2)  TiO;  3)  Ti02  C. 


TABLE  1 


(dilorination  of  TiO  with  l^lilorinc  (Duration  of  Experiment  1  Hour) 


Ho. 

Temp. 

Initial 

weighed 

sample 

_:ao  lt) 

Initial 

1  weighed 
'  sample,  re¬ 
calculated 

1  cnTiOz  (g) 

Calcined 
residue  af¬ 
ter  chlori- 
natic'ii 

Yield  TiOj 
from  TiCl4 
(in 

Degree  o 
na 

on  wt.  of 
residue 

•  chlori- 
tion  (%) 

on  quant 
of  TiCl4 

1 

300° 

1.000 

1 

i  1.2500 

0.8520 

0.1940 

— 

15.6% 

2 

300 

1.000 

1  1.2500 

0.8450 

0.1950 

— 

15.8 

3 

300 

1.060 

1.3260 

0.8950 

0.20f)0 

22.4 

16.49 

4 

400 

1.058 

i  1.3240 

0.6660 

0.5500 

49.5 

41.6 

5 

400 

1.160 

1.4500 

0.7153 

0.6110 

48.6) 

42.2 

6 

400 

1.060 

,  1.33f0 

0.7030 

0.5600 

47.5 

42 

7 

500 

1 .0084 

1.2100 

0.6294 

0.5800 

505 

46 

8 

500 

1.0974 

1  1.3700 

0.7.%0 

0.5740 

46.2 

41.9 

9 

600 

1.0412 

'  1 .3020 

0.6812 

0.5617 

47.1 

43.1 

10 

600 

1.0302 

1 .28W 

0.6490 

0.5356 

49.7 

41.6 

11 

700 

1.0466 

1.3100 

0.6766 

0.5800 

48.4 

43.35 

12 

700 

1.0564 

1.3200 

0.6824 

0.5922 

48.3 

44.9 

723 


TABLE  2 


Chlorination  of  TiO  in  Presence  of  Carbon  (Duration  of  Experiment  1  Hour) 


1  400°  1.023  0.735  0.289  0.595  —  17.6  — 

2  500  1.015  0.724  0.291  0.465  0.250  35.2  34.7 

3  600  0.991  0.711  0.280  0.192  0.446  72.8  62.8 


SUMMARY 

1.  The  chlorination  conditions  of  titanium  monoxide  were  studied  in  the  temperature  interval  300-700*. 

2.  It  was  established  that  in  contrast  to  titanium  dioxide,  titanium  monoxide  is  chlorinated  with  consid¬ 
erable  rapidity  even  at  300*.  In  the  temperature  range  400-700*  the  maximum  degree  of  chlorination  is  and 
chlorination  proceeds  according  to  reaction:  2TiO  +  2CI2  =  TiCl4  +  TiOj. 

3.  It  was  shown  that  in  presence  of  carbon  TiO  chlorinates  at  500*  with  considerably  more  rapidity  than 
titanium  dioxide  in  presence  of  carbon, 
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DOUBLE  DECOMPOSITION,  C  OM  PLE  X  -  F  ORM  A  T I  ON  AND  POLYMORPHISM 
IN  ADIAGONAL  RECIPROCAL  SYSTEM  OF  CHLORIDES  AND  SULFATES 
OF  POTASSIUM  AND  CADMIUM 


A.G.  Bergman  and  E.L.  Bakumskaya 


Reciprocal  systems  of  chlorides  and  sulfates  of  mono-  and  divalent  metals  offer  much  variety  due  to  the 
abundant  formation  of  various  types  of  complexes  between  sulfates  and  to  some  degree  between  chlorides.and 
also  to  the  very  varied  (in  magnitude)  conditional  heat  effects  of  exchange  reactions.  Because  of  this,  among 
these  reciprocal  systems  we  find  representatives  of  the  most  diverse  types  ranging  from  singular  irreversible  with 
layering-  LL  Cd  ||  CL  S04[l]  through  reversible-reciprocal  [2]  to  adiagonal  [3]  systems  in  which  triangulatiOn 
proceeds  from  composition  poles  of  the  most  well-defined  complexes  to  delimiting  binary  system^  as  shown  for 
the  system  we  investigated  Na,  Cd  |l  Cl,  SO4  [4]. 

There  was  a  clearly  defined  tendency  of  cadmium  salts  to  autocomplex -formation  as  was  also  shown  by  tha 
tendency  of  cadmium  compounds  to  form  complexes  with  salts  of  other  metals. 


TABLE  1 

Binary  Systems  and  Diagonal  Sections 

A)  Initial  component  B)  added  component.  1st  column  -  mole  %  B,  2nd  column  -  tempera 
ture  at  which  first  crystals  appeared. 


V 

2 

1 

2 

1- 

2 

lJ 

1 

2 

1 

2 

A-CdCl, 

G 

1 

< 

6 

CO 

1 

ca 

d 

CO 

1 

< 

d 

CO 

-r 

U 

1 

CO 

A-CdCl, 

B-CdSO, 

G 

1 

< 

d 

CO 

•n 

U 

A-CdCI, 

6 

C/) 

S? 

,i 

03 

0 

568° 

0 

774° 

0 

1074° 

0 

568° 

0 

774° 

0 

568° 

5 

540 

10 

758 

25 

912 

5 

560 

10 

732 

10 

504 

10 

504 

15 

750 

27.5 

888 

10 

550 

18 

684 

15 

454 

15 

452 

25 

730 

30 

856 

12.5 

546 

24 

618 

18 

420 

20 

383 

35 

704 

32.5 

836 

15 

540 

27 

622 

21 

404 

25 

414 

37.5 

698 

35 

810 

17.5 

564 

33 

653 

24 

416 

30 

416 

40 

692 

40 

728 

20 

584 

36 

650 

27 

424 

33 

430 

42.5 

704 

42.5 

686 

25 

620 

42 

602 

30 

434 

37.5 

424 

47.5 

732 

45 

680 

30 

652 

45 

560 

32.5 

434 

42.5 

404 

50 

750 

50 

720 

35 

684 

50 

500 

36 

422 

45 

388 

52.5 

766 

55 

746 

52.5 

464 

39.5 

422 

45.5 

390 

55 

780 

57.5 

758 

55 

484 

42.5 

422 

46 

391 

57.5 

790 

61 

764 

60 

560 

45 

422 

46.5 

392 

60 

808 

63 

776 

62.5 

590 

47.5 

470 

47 

398 

62.5 

822 

67 

794 

65 

622 

51 

518 

49 

428 

65 

836 

70 

806 

70 

664 

55 

570 

51 

448 

67.5 

850 

73 

814 

75 

696 

57.5 

612 

52 

462 

70 

870 

76 

818 

80 

730 

60 

654 

55 

504 

72.5 

886 

80 

822 

84 

778 

65 

724 

60 

570 

75 

902 

85 

900 

86 

832 

70 

780 

725 


It  was  characteristic  that  between  chlorides  and  sulfates  of  the  same  metal  there  was  no  complex -formation 
with  the  exception  of  system  AgCl  -  Ag^Sf^  |5],  in  which  the  formation  of  two  compounds  was  established  below 
the  eutectic  line  in  the  solid-state  region. 

The  large  number  of  polymorphic  and  homeomorpliic  transformations  in  the  sulfates  also  indicates  the  in¬ 
ternal  complexity  of  this  group  of  compounds.  In  the  reciprocal  system  of  chlorides  and  sulfates  of  potassium  and 
cadmium  which  we  investigated,  on  the  crystallization  surface  appear  fields  of  four  complexes:  KCl*CdCl2, 
4KCl*CdCl2,  K2S04*  2CdS04,  K2SO4.  SCdSO^,  and  also  fields  of  polymorphic  and  homeomorphic  transformations: 
K2SO4-  a,8.r-K2S04*2CdS04-  a  and  8. 

The  surface  of  crystallization  of  this  system  is  very  complex,  which  necessitated  a  large  number  of  internal 
sections  througji  die  composition  diagram.  The  general  character  of  this  system  as  a  semireversible-reciprocal 
belt  type  was  previously  discussed  by  O.S.  Dombrovskaya  [6]. 

EXPERIMENTAL 

The  investigation  was  carried  out  by  a  visual-polythermal  method  in  a  platinum  crucible  in  an  electric 
furnace.  The  inner  portion  of  the  furnace  was  illuminated  by  a  bright  light  bulb  to  permit  ready  viewing  of  the 
course  of  crystallization.  The  melts  were  vigorously  stirred  with  a  platinum  stirrer.  A  thermocouple  Pt,  Rh-Au, 
Pd,  Pt  with  a  sensitive  millivoltmeter  with  a  mirror  galvanometer  was  used.  The  salts  that  were  used  for  the  in¬ 
vestigation  were  carefully  rccrystallized  and  dehydrated.  The  melts  were  transparent.  All  the  compositions  were 
given  in  equimolar  percentages.  The  melting  points  were:  K2CI2  774",  K2SO4  1074*,  CdCl2  568*,  and  CdS04 
1000*.  At  586*  a  polymorphic  transformation  was  noted  for  K2SO4  and  at  856*  another  transformation  occurred, 
the  nature  of  which  is  as  yet  unclear. 


'ZS  75 

Mole  % 


Fig.  1.  Binary  lateral  sides,  diagonal  cross-sections  and  Section  XII 
of  reciprocal  system  K,  Cd  ||  C1,'S04. 
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TABLE  2.  Internal  Sections  (Cul,  1  -  mole  *70  added  component;  2- temp,  first  crystals  appeared.) 


Section/ 

Section/// 

Section  yt 

Section^  j 

Section  ix 

Section  xn 

1 

2 

1 

2 

1 

■ 

1 

B 

B 

1 

2 

\ 

2 

0 

546° 

0 

620° 

0 

766° 

0 

766° 

0 

194° 

0 

866° 

0 

780° 

10 

496 

5 

580 

10 

652 

12.5 

682 

10 

664 

10 

752 

10 

808 

12.5 

476 

7.5 

540 

15 

560 

17.5 

636 

15 

590 

15 

674 

17.5 

818 

15 

458 

10 

496 

18 

510 

20 

612 

18 

528 

18 

612 

22.5 

816 

17.5 

432 

12  5 

466 

21 

514 

24 

628 

21 

524 

21 

594 

30 

786 

20 

400 

15 

444 

24 

510 

27 

638 

24 

520 

25 

580 

35 

742 

22.5 

374 

17.5 

418 

27 

496 

30 

642 

27 

514 

27.5 

574 

40 

670 

24 

388 

21 

394 

30 

476 

33 

640 

30 

486 

30 

560 

42.5 

622 

30 

412 

24 

388 

36 

416 

35 

632 

32 

460 

32.5 

534 

45 

578 

33 

416 

27 

384 

39 

408 

36 

632 

33.5 

444 

35 

512 

46 

560 

36 

416 

32.5 

406 

42 

402 

37 

632 

35 

432 

37.5 

486 

47.5 

540 

42 

404 

39 

408 

45 

416 

39 

622 

36 

422 

39 

460 

50 

580 

45 

388 

42 

402 

48 

454 

'■5 

592 

38 

416 

40 

440 

55 

640 

47.5 

382 

45 

392 

51 

496 

50 

560 

40 

410 

41 

422 

60 

692 

50 

416 

48 

416 

55 

532 

52.5 

540 

42 

408 

43 

420 

62.5 

704 

52.5 

440 

51 

444 

60 

560 

54 

.560 

45 

414 

45 

422 

65 

718 

55 

468 

55 

476 

62.5 

562 

55 

580 

48 

468 

48 

476 

67.5 

730 

57.5 

516 

57.5 

480 

65 

556 

57.5 

636 

51 

506 

51 

516 

72.5 

760 

60 

554 

60 

526 

67.5 

580 

60 

680 

— 

— 

— 

— 

80 

782 

62.5 

586 

62.5 

570 

70 

608 

65 

752 

— 

— 

— 

— 

82.5 

838 

65 

612 

70 

642 

75 

658 

70 

824 

85 

870 

Section// 

Section/K 

Sectioiflf/// 

Section  xiv 

Section  xv 

SectionA^K/ 

Section  xvu 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

,  1  2 

i 

2 

0 

584° 

0 

652° 

0 

440° 

0 

388° 

0 

430° 

0 

430° 

0 

430° 

2 

576 

5 

600 

5 

436 

5 

386 

5 

420 

15 

400 

15 

404 

4 

560 

10 

528 

7.5 

436 

7.5 

384 

15 

400 

23 

384 

22.5 

388 

6 

546 

12 

496 

10  . 

454 

10 

394 

18 

390 

27 

390 

24 

384 

10 

518 

14 

448 

12.5 

480 

12.5 

432 

21 

432 

30 

402 

27 

410 

15 

476 

16 

432 

15 

504 

17.5 

494 

27 

502 

37 

416 

33 

454 

18 

443 

18 

410 

20 

548 

25 

554 

32.5 

554 

39 

420 

39 

498 

21 

408 

21 

410 

25 

582 

27.5 

572 

35 

570 

42 

432 

45 

534 

24 

360 

23 

410 

27.5 

600 

30 

596 

37.5 

594  . 

45 

460 

48 

553 

27 

380 

25 

400 

30 

618 

32.5 

612 

40 

622 

51 

490 

51 

570 

30 

400 

— 

— 

32.5 

646 

35 

640 

45 

672 

57 

524 

54 

586 

The  conventional  heat  effect  of  the  exchange  reaction  K2CI2  +  CdS04  K2SO4  +  CdCl2  was  equal  to  2,17 
kcal/equiv.  in  the  direction  of  the  pair  (left  to  right)  K2SO4  and  CdCl2,  which,  however,  did  not  constitute  a 
stable  diagonal  cross-section.  As  we  show  in  what  follows,  the  system  is  related  to  the  adiagonal  belt  type. 


Binary  systems  (Fig,  1,  Table  1),  1)  K2Cl2~  K2S04[7],  The  eutectic  was  at  690*  and  41*70  K2SO4,  On  the 
K2SO4  branch  we  detected  a  transformation  at  856*  and  68,5<7o  K2SO4,  2)  CdCl^  -  CdSO^  [81.  The  eutectic  was  at 
540*  and  157o  CdS04.  The  fusion  curve  was  investigated  up  to  35*7o  CdS04  due  to  the  great  volatility  of  CdCl2  at 
high  temperatures.  3)  K2CI2  ~  CdC]^  [9],  According  to  our  data,  two  complexes  formed:  KCl'CdCl2  with  a  clear 
maximum  at  430*  and  33%  K2CI2  and  4KCl*CdCl2,  which  melted  with  decomposition  at  the  transition  point  462* 
and  52%  K2CI2.  On  the  branch  of  this  compound  a  transformation  appeared  at  392*  and  46.57o  K2CI2.  The  fusion 
curve  showed  two  eutectic  points:  383*  and  20%,  388*  and  45%  K2CI2,  4)  KgS04  -  CdSO,i  [10],  Our  investigations 
confirmed  the  formation  of  two  complexes  in  the  system:  K2S04*2CdS04  which  melted  with  decomposition  at 
the  transition  point  764*  and  60.5%  CdS04  and  K2S04- 3CdS04,  which  showed  a  clear  maximum  at  818*  and  75% 
CdS04.  On  the  K2SO4  branch  a  transformation  was  detected  at  856*  and  29.5%  CdS04.  There  was  a  eutectic  at 
653*  and  43.5%  CdSQ*. 

Diagonal  cross-sections  (Fig,  1,  Table  1),  1)  Unstable  cros»-section  K2Cl2~  CdS04.  The  five  main  branches 
of  crystallization  K2CI2,  K2SO4,  Djy,  Dj^j,  CdS04  intersect  at  603*  and  20%,  448*  and  53%,  610*  and  64.5%,  740* 
and  81.5%  CdS04,*  On  the  K2SO4  branch,  the  curves  of  the  6-  and  y-modifications  intersect  at  586®  and  43% 
CdS04.  2)  Unstable  cross-section  CdCla  ~  K^SO^t.  The  four  main  branches  of  crystallization  CdCl2,  Djjj.  Djy, 

•To  save  space,  the  following  abbreviations  are  used:  Dj  -  4KCl*CdCl2,  Du  -  KCl*CdCl2,  Dju  -  K2S04*  3CdS04, 
Div  ■  K2SO4  •  2CdS04, 
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TABLE  3 


Percentage  of  added  component, 

•The  bracketed  temperatures  were  found  by  interpolation. 


TABLE  4 

Temperature  and  Composition  of  Invariant  Points 


Character  of  point 

Temp 

Equilibrium  phases 

C.ISO, 

C<|C1, 

Transitional 

4540 

56.5 

8.5 

35 

K,CI„  4KCI  •  CHCI„  t-K,SO, 

Eutectic 

354 

48 

9.5 

42.5 

4KCI  .  C.ICl,,  KCI  .  caci,,  t-K,.SO, 

Eutectic 

370 

42 

22.5 

35.5 

KCI  .  CJCIj,  p-KjSO,  •  2C  ISO,,  r-K,SO, 

Transitional 

:180 

33.5 

26.5 

40 

KCI  .  C4CI„  K,SO,  •  ac  l.SO„  fi-K,50,  •  2C.ISO, 

Eutectic 

352 

24 

17 

59 

KCI  •  CJCI,,  KjSO,  •  .TC.ISO,.  C  !CI, 

Transitional 

423 

i 

15.5 

29 

1 

55.5 

C.IC1„  K,SO,  •  3CJSO4,  C  ISO, 

K2SO4  intersect  at  398*  and  207o,  422*  and  33.5^0, 
422*  and  49%  KJSO4.  On  the  K2SO4  branch  inter¬ 
section  of  the  curves  of  the  8-  and  y- modifications 
takes  place  at  586*  and  50^o  K2S04. 

Reciprocal  system.  18  internal  sections* 
(Figures  1-3,  Table  2)  were  investigated.  Composite 
Table  3  gives  the  compositions  of  the  cut  intersec¬ 
tions  and  their  temperatures.  The  surface  of  crys¬ 
tallization  of  the  system  (Figure  4  and  5)  consists 
of  8  main  fields  of  crystallization,  of  which  4  belong 
to  complexes. 

In  the  field  of  K2S04,  represented  by  a  rela¬ 
tively  large  area,  sections  of  the  a-,  8-  and  /-mod¬ 
ifications  appear.  The  size  of  the  fields  in  percent 
of  the  area  of  the  square:  K2C12  11.69,  K2SO4  39,34 
(a  8.06,  8  22.9,  y  8.38),  CdClj  4.56,  CdS04  14.09, 
4KCl-CdCl2  0.68,  KCl-CdClg  5.47,  K2S04.3CdS04 
13.78,  K2S04.2CdS04  10.39,(0  9.02,  8  1.37). 


The  fields  of  K2SO4  and  KCl*CdCl2  show 
crests  which  tend  toward  the  sides  opposite  to  the 
stable  triangulating  cross-section  KCl*CdCl2  — 

-  K2SO4.  The  fields  of  the  chloride  complexes  are 
strongly  compressed  by  the  fields  of  sulfate  com- 

It  must  be  noted,  however,  that  complex  KCl-CdCl2  also  maintains  the  congruent  character  of  its  melt- 


Fig.  2.  Internal  actions  of  Systems  I,  II,  IIL  IV,  V,  X. 


plexes. 


ing  in  the  system  as  does  complex  K2S04'3CdS04.  The  figurative  point  pf  composition  KCl'CdCl2  is  the  main 
triangulation  pole. 

From  it  extend  three  triangulating  secants,  two  of  which  have  the  character  of  binary  systems  and  pass 
through  eutectic  points  ej  and  eji  at  390  and  382*. 


The  sulfate-complex  fields  occupy  long  extended  areas.  At  422*  polymorphism  is  detected  in  the  field  of 
complex  K2S04-  2CdS04.  The  isotherm  which  passes  along  a  small  portion  of  diagonal  CdCl2  “  K2SO4  serves  as 

•To  save  space,  we  omitted  certain  sections  and  a  number  of  points  in  the  tables. 
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Fig.  4.  Arrangement  of  internal  sections  and  triangula 
tion  of  system  K,  Cd  ||  Cl.  SO4. 

Explanation  in  text. 


Fig.  5.  Projection  of  space  diagram  of  reciprocal  system 
K,  Cd  II  Cl,  SO4  on  square  of  composition. 


Fig.  6.  Projection  of  curves  of  co-crystallization  on  plane 
of  polytherm  of  binary  system  CdCl2"'  CdS04. 

Explanation  in  text. 


the  boundary  of  the  a-  and  6-forins  (the  phases  of  these  modifications  are  sharply  distinct  from  each  other). 

To  accurately  determine  the  curvesbf  co-crystallization  and  the  location  of  invariant  points,  two  projec¬ 
tions  were  made,  one  of  which,  on  side  CdC>lj  -  CdS04,  is  shown  in  Figure  6,  To  the  right  on  this  figure  an  en¬ 
larged  detail  of  the  projection  is  shown. 

There  are  six  non-variant  points  in  the  system:  three  eutectic  and  three  transitional  (Figures  4,  .5.  Table  4). 
The  scheme  of  tlie  tree  of  crystallization  is  presented  in  Figure  7. 


By  five  triangulating  secants  die  system  is  divided  into  six  phase  triangles  (Figure  4)  in  which  complex  re 
actions  of  complex -formation  and  exchange  take  place: 

1.  7KC1  +  CdS04  =  4KCl-CdCl2  ^  KCl  +  KjS04. 

2.  9KC1  +  2CdS04  =  4KCl*CdCl2  f  KCl-CdClj  +  2K2S04. 

3.  9KC1  +  5CdS04  =  SlKCl-CdCy  +  K2S04-2CdS04  +  2KjS04, 

4.  6KC1  1-  7CdS04  =  2rKCl-CdCl2]  +  rK2S04  •  2CdS04]  +K2S04  •  3CdS04. 

5.  12KC1  +  20CdSO4  =  2rKCl-CdClj]  +  5[K2S04-  3CdS04]  +  3CdClj. 

6.  2KC1  +  5CdS04  =  CdClj  +  KjS04'  3CdS04  +  CdS04. 

At  conversion  points  a,  b,  c,  d,  e  (Figure  4)  reactions  take  place: 

(a)  6KC1  +  CdS04  =  4KCl-CdClj  +  K2S04. 

(b)  3KC1  +  CdS04  =  KCl-CdClg  +  K2SO4, 

(c)  3KC1  +  3CdS04  =  KCl-CdClj  +  2CdS04  +  K2SO4. 

(d)  3KC1  +  4CdS04  =  KCl-CdClj  +  K2S04 •  3CdS04. 

(e)  2KC1  +  4CdS04  =  CdClz  +  KJSO4 •  3CdS04, 


The  studied  system  K,  Cd  ||  Cl,  SO4  visually  reflects  the  interaction  of  exchange  and  complex- formation 
reactions.  In  the  presence  of  a  small  conventional  heat  effect  of  2.17  kcal/equiv.  for  the  exchange  reaction, 
complex-formation  clearly  predominates  over  exchange. 


Fig.  7,  Scheme  of  tree  of  crystallization  of  reciprocal 
system  K,  Cd  II  Cl,  SO4.  Explanation  in  text. 


In  the  investigated  reciprocal  system  K,  Cdll 
Cl,  SO4  there  is  no  formation  of  an  internal  hetero¬ 
compound  whereas  in  reciprocal  system  K,  Zn  II  Cl, 
SO4  [11]  the  formation  of  five  internal  heteroionic 
compounds  was  established. 

The  general  form  of  the  surface  of  crystalli¬ 
zation  of  the  system  with  isotherms  is  shown  in  the 
projection  on  the  square  of  composition  (Figure  5). 


There  is  no  diagonal  triangulation  in  the  sys¬ 
tem,  i.e.,  simple  exchange  reactions  do  not  occur.  The  cross-sections  which  proceed  from  the  figurative  compo¬ 
sitional  points  of  the  compounds  are  stable  or  triangulating. 


These  sections  intersect  the  fields  of  the  exchange  products  and  of  the  initial,  components.  All  of  the  above 
relates  reciprocal  system  K,  Cd  II  Cl,  5O4  to  adiagonal  systems  of  the  belt  type,  only  two  of  the  five  uiangulation 
cross-sections  of  which  have  the  character  of  binary  systems  and  pass  through  eutectic  points  Cj  and  Cjj. 


SUMMARY 

1.  An  additional  transformation  of  K2SO4  was  detected  at  856*  in  the  investigated  binary  systems  KjC^ 
K2SO4  and  K2S04-CdS04.  In  system  K2Cl2-CdCl2  a  transformation  for  4KCl-CdCl2  was  established  at  392*, 

2.  The  fusion  diagram  for  reciprocal  system  K,  Cd  II  Cl,  SO4  consists  of  eight  main  fields  of  crystallization 
which  converge  to  six  non-variant  points.  In  fields  K2SO4  and  K2S04*2CdS04  we  distinguish  sections  of  a-,  B-.  y- 
and  a-,  6 -modifications. 

3.  The  abundant  complex- formation  in  reciprocal  system  K,  Cd  M  Cl,  SO4  suppresses  the  exchange  reaction 
with  its  small  conventionally  calculated  heat  effect  of  2.17  kcal/equiv.  in  the  direction  of  the  pair  K2SO4  and 
CdClj. 
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4.  Reciprocal  system  K,  Cd  ||  Cl,  SO4  is  related  to  the  adiagonal  semireversible  systems  of  the  belt  type. 

5.  In  contrast  to  system  K,  Zn  ||  Cl,  SO4,  there  occurs  no  formation  of  internal  heterocompounds  in  sys¬ 
tem  K,  Cd  II  Cl,  SO4. 
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RECIPROCAL  SYSTEM  OF  LITHIUM  AND  BARIUM  SILICATES 


AND  FLUORIDES 


N.A.  Bychkova  and  A.G.  Bergman 


A  study  of  the  system  Li,  Ba  H  F,  Si03  is  the- result  of  further  application  of  the  visual -poly thermal  method 
to  the  study  of  silicate -salt  and  silicate  systems  [1,2]. 

The  conditional  heat  effect  of  the  exchange  reaction  In  the  system  Is  equal  to  3.75  kcal./equiv  toward 
the  side  of  the  BaFj  -  LijSiOs  pair  [3]. 

BaSiOa  +  2LiF  =  BaFj  +  LIjSiOa 

363  kcal  +  291  kcal  287.9  kcal  +  374  kcal 
7  9 

A  =  =  3.95  kcal/equiv 

Due  to  the  well  defined  tendency  for  complex  formation  the  relatively  small  heat  effect  of  the  exchange 
reaction  fails  to  synonymously  determine  the  direction  of  reaction  in  the  system.  Binary  and  ternary  complexes 
are  formed  in  the  system,  the  formation  heats  of  which  are  unknown;  consequently,  only  a  study  of  the  complete 
surface  of  crystallization  elucidates  the  chemism  of  the  components  in  the  given  system,  which  is  of  great  in¬ 
terest  in  the  systematic  study  of  the  reactions  of  the  fluorides  and  silicates  of  lithium  and  of  the  alkali  and  alka¬ 
line  earth  metals. 


EXPERIMENTAL 

Method  of  Operation.  The  system  was  studied  by  the  visual -polythermal  method  in  a  platinum  crucible 
fitted  with  a  platinum  stirrer  and  placed  in  a  shaft  electrical  furnace.  A  Pt-PtRh  thermocouple  with  mirror  gal¬ 
vanometer  ( with  a  10  mV  scale)  was  used  to  measure  the  temperature.  A  strong  light  beam  from  above  served 
to  illuminate  the  interior  of  the  furnace  and  the  melt.  The  liquidus  curves  were  determined  from  the  average 
temperatures  of  the  appearance  and  disappearance  of  crystals  under  reduction  of  the  intervals  between  them  to 
a  minimum. 

The  LiF  and  BaF2  were  prepared  from  c.p.  carbonates  and  twice -distilled  c.p.  hydrofluoric  acid,  Li2Si03, 
by  the  ignition,  and  then  by  the  fusion  in  a  silit  furnace  of  c.p.  lithium  carbonate  and  silica  ( Si02) .  The  BaSiOs 
was  added  during  the  process  as  a  mixture  of  c.p.  BaC03  and  SIO2  ( ignited  silicic  acid).  The  calculations  were 
based  on  equimolar  percents.  For  brevity  a  part  of  the  experimental  material  is  not  given  in  the  tables  and 
some  of  the  points  are  omitted,  but  they  are  all  shown  on  the  curves. 

Binary  Systems 

1,  The  BaSiOs  -  Li2Si03  System  ( Fig.  1,  Table  1)  was  studied  by  R.  Wallace  [4]  by  the  method  of  plotting 
the  cooling  curves.  He  showed  a  eutectic  at  877*  and  43%Li2Si03.  According  to  our  data  the  eutectic  is  found 
at  960®  and  45%;  in  addition,  polymorphic  transformation  of  the  Li2Si03  was  revealed  at  986®,  previously  un¬ 
known. 

2.  The  BaSiOs  -  BaF2  System  (Fig.  1,  Table  2)  was  first  studied  from  55.0  to  67.5%  BaF2.  The  remaining 
region  of  the  system,  due  to  the  high  fusion  point  of  BaSi03,  was  not  studied. 

A  compound  melting  with  decomposition  at  1090®  and  having  the  postulated  composition  2BaF2  •  BaSiOs 
was  revealed  ( shown  in  Fig.  1  by  the  letter  X) .  Its  branch  intersects  with  the  BaF2  branch  at  65.5%  BaF2,  and 
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TABLE  1 


TABLE  2 


BaSiOs  -  LitSO)  System  BaSi03  -  BaF2  System 


% 

LijSiOj 

Temp¬ 

erature 

1o 

LijSiC), 

Temp¬ 

erature 

% 

LljSiOj 

Temp¬ 

erature 

% 

BaFj 

Temp¬ 

erature 

% 

BaFj 

Temp¬ 

erature 

70.0 

1092* 

57.5 

1033* 

45.0 

960* 

67.5 

1100* 

60.0 

1082* 

67.5 

1080 

55.0 

1017 

42,5 

985 

65.0 

1090 

57.5 

1078 

65.0 

1070 

52.5 

986 

40.0 

1015 

62.5 

1088 

55.0 

1100 

62.5 

1058 

50.0 

980 

37.5 

1045 

60.0 

1045 

47.5 

972 

35.0 

1082 

with  BaSiOs  at  1075*  and  bSFjo  BaF*.  Despite  the  small  number  of  experimental  points  for  this  system,  visually 
it  was  not  difficult  to  show  the  branch  belonging  to  this  compound,  since  its  crystals  differed  sharply  from  those 
of  both  BaSiOs  (round  grains)  and  BaFj  (elongated  prisms). 

3,  The  LltFt  ~  BaF^  System  ( Fig.  1,  Table  3)  was  studied  earlier  [5].  A  compound  melting  with  decom¬ 
position  at  827®  and  having  the  postulated  composition  LiF  •  BaFj  (  A)  was  revealed  in  the  system.  It  has  a  very 
gentle  crystallization  branch  at  its  Intersection  with  the  BaFj  branch  ( 64%  BaFj) .  Polymorphic  transformation 
is  revealed  for  BaFj  at  920®,  and  homeomorphic  transformation  for  LiF  at  812*.  The  branches  LiF  •  BaFj  and  LiF 
intersect  in  the  eutectic  point  at  760*  and  32.0%  BaFj, 

TABLE  3 


LljFj  -  BaFj  System 


%  BaFj 

Temperature 

%  BaFj 

Temperature 

%  BaFj 

Temperature  j 

%  BaFj 

Temperature 

0 

848* 

25.0 

783* 

50.0 

812* 

75.0 

916’ 

5.0 

838 

30.0 

768 

55.0 

824 

77.5 

940 

10.0 

825 

32.5 

760 

60.0 

826 

80.0 

964 

12.5 

816 

35.0 

1  766 

62.5 

826 

85.0 

1020 

15.0 

810 

40.0 

j  780 

65.0 

837 

90.0 

1088 

20.0 

800 

45.0 

1  795 

70.0 

884 

4.  The  LijFj  -  LtjSlOa  System  ( Fig.  1)  has  already  been  studied  by  us  [1,2].  Its  eutectic  corresponds  to 
5%  LijSiOj  at  840*;  a  compound,  melting  with  decomposition  at  953*  at  the  transition  point  (  35%  LijSiOj),  was 
revealed.  Its  postulated  composition  is  2LiF  'LljSiOs;  polymorphic  transformation  on  the  LijSiOj  branch  was 
observed  at  986*. 

Diagonal  Sections 

1.  The  Li}|F,!  -  BaSiOa  System  ( Fig.  2,  Table  4)  was  studied  up  to  75%  BaSiOs;  it  consists  of  the  crystal¬ 
lization  branches  of  LiF,  Complex  D  (  postulated  composition  2LiF  •  LijSiOj),  Complex  C  ( a  hetero  complex  of 
postulated  composition  2BaF2  *  LijSiOj  *  BaSiOj)  and  BaSiOj,  respectively  intersecting  at  827*  and  6%  BaSiOj, 
784*  and  41%  BaSiOj,  772*  and  51%  BaSiOj,  822*  and  59.5%  BaSiOj. 

TABLE  4 


LljFj  -  BaSiOj  Diagonal 


%  BaSiOa 

Temperature 

%  BaSiOj 

j  Temperature  1 

1  %  BaSipa 

Temperature 

%  BaSiOg 

Temperature 

0,0 

848® 

18.0 

!  830* 

!  42.5 

784* 

57.5 

814* 

2.0 

840 

21.0 

|828 

I  45.0 

782 

60.0 

827 

4.0 

833  ! 

1  24.0 

1826 

j  47.5 

780 

65.0 

908 

6.0  i 

827 

1  30.0 

|816 

!  50.0 

776 

67.5 

1  950 

8.0 

1  828  ; 

•  35.0 

,802 

i  52.5 

1  788 

1  70.0 

1  992 

12.5 

!  830 

,  40.0 

1  788 

1  55.0 

802  1 

f  75,0 

ll096 

1 


2.  The  BaFj  -  LijSiOs  System  ( Fig,  2,  Table  5) ,  The  fusion  diagram  In  the  studied  portion  (  up  to  82.5% 
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LIjSiOs)  consists  of  five  crystallization  branches:  Complex  C  and  the  a-  and  6-  modifications  of  BaF2  and 


Fig.  1.  Binary  systems.  1)  BaSiOs  -  LijSiOs,  2)  BaSi03  -  BaFj, 
3)  Li^Fj  -  BaFj,  4)  Li^F*  -  LijSiOg. 


The  branches  of  the  a-  and  fl-BaF2  modifications  intersect  at  920*  and  22%  Li2Si03,  and  a-  and  6-Li2Si03 
at  986*  and  72%  Li2Si03.  The  branch  of  Complex  C  intersects  with  0-BaF2  at  820*  and  30%  Li2Si03,  and  with 
6-Li2Si03  at  760*  and  48.5%  Li2Si03. 

TABLE  5 


BaF2  ~  Li2SiP3  Diagonal 


%  LifSiOs 

Temperature 

%  LiaSiOa 

Temperature 

%  LizSiOa 

Temperature 

%  LizSlOa 

Temperature 

12.5 

1074* 

27.5 

860* 

45.0 

778* 

67.5 

955* 

15.0 

1036 

30.0 

884 

47.5 

764 

70.0  . 

970 

17.5 

990 

32.5 

820 

50.0 

781 

72.5 

993 

20.0 

950 

35.0 

816 

55.0 

836 

75.0 

1022 

22.5 

918 

40.0 

802 

60.0 

884 

80.0 

1066 

25.0 

895 

42.5 

792 

65.0 

930 

82.5 

1086 

Internal  Sections 

Twenty  internal  sections  were  studied  (Fig.  3, Tables  3  and  11).  The  first  series  of  sections  ( I-V)  (Fig.  4, 
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Tables  6  and  8)  starts  from  the  LijFi  -  BaF*  side  and  goes  toward  Li2Si03.  These  sections  outline  the  LiF  field, 
mark  the  boundary  line  between  the  fields  of  Complex  D  and  the  Li^SiOs  field,  and  also  establish  the  boundary 
between  the  fields  of  Complexes  D  and  A. 


Fig.  2.  Diagonal  sections  of  the  reciprocal  system  Li,  Ba  II  F,  SiOs. 
1)  LijFj  -  BaSiOg,  2)  BaFj  -  Li^SiOg. 


The  second  series  of  sections  ( VI-XI)  (Fig.  5,  Tables  7  and  8)  outlines  the  field  of  Compound  A  on  the 
LijFj  ~  BaFj  side  and  two  internal  fields,  tentatively  designated  as  B  and  C.  Due  to  the  distinct  crystallization 
and  difference  in  the  crystalline  form  of  the  phases  we  were  able  to  observe  even  visually  the  transition  from 
one  field  into  the  other.  Especially  noteworthy  in  this  respect  is  the  crystallization  of  Phase  A,  beginning  with 
the  separation  of  tiny  point  nuclei,  which  then  grow  into  spherical  grains.  The  A  and  B  phases  in  sections  VII, 
VIII  and  IX  correspond  to  crystallization  branches  that  show  little  difference.  However,  visually  the  crystalline 
forms  of  the  two  phases  are  easily  distinguishable. 

Third  series  of  sections  (  XII -XV)  (Fig.  6,  Tables  9  and  11).  All  of  the  sections  start  from  the  LijFj  “ 

“  BaFj  side  and  go  toward  BaSiOg.  These  sections  were  studied  for  the  purpose  of  elucidating  the  field  bound  - 
aries  of  Compound  X.  The  crystal  form  of  this  compound  differs  from  that  of  BaFj  and  BaSiOg. 

Fourth  series  of  sections  ( XVI-XX)  ( Fig.  7,  Tables  10  and  11).  These  sections  were  studied  for  the  pur¬ 
pose  of  obtaining  more  accurate  temperatures  for  the  boundary  lines  of  the  system,  since  they  all  go  in  different 
directions. 

Projection  of  the  three-dimensional  diagram  for  the  reciprocal  system  (Fig.  8).  The  formaticxi  of  both 
binary  complexes  and  ternary  hetero  complexes  in  the  system  was  shown.  Two  of  the  eleven  crystallization 
fields  belong  to  two  hetero  complexes  and  three  belong  to  side  binary  compounds. 
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Fig.  3.  Distribution  scheme  of  the  sections  in  the  system 
Li,  Ba  ||  F,  SiOs  and  the  scheme  of  its  triangulation  into 
stable  phase  triangles. 


The  field  areas  of  the  eleven  phases,  expressed  in  percents  of  the  total  area  of  the  composition  square  of 
the  system,  are  given  in  Table  12.  We  do  not  subdivide  the  LiF  field,  showing  homeomorphic  transformation 
at  812’. 

The  projection  of  the  points  and  curves  on  the  BaFj  —  BaSiOs  side  is  shown  in  Fig.  9.  The  ternary  invari¬ 
ant  points  are  characterized  in  Table  13.  It  is  characteristic  for  the  system  that  the  maxima  on  the  boundary 
lines  between  the  eutectic  points  ( and  £3,  £2  and  £3)  exceed  the  temperatures  of  the  ternary  eutectic  points 
by  a  total  of  only  a  few  degrees;  we  also  observe  an  extremely  gentle  descent  of  the  boundary  curves  between 
the  LiF  ‘BaFa  and  B  fields  and  the  barium  fluoride  field. 

Such  a  phenomenon  can  be  explained  by  the  development  of  complex  formation  in  the  mentioned  region 
of  the  system,  and  also  by  the  presumed  slight  difference  in  the  heat  effects  for  the  formation  of  Compounds  A 
and  B.  However,  as  was  already  mentioned.  Phases  A  and  B  show  distinct  difference  in  their  c^stallizadon 
character.  An  analysis  of  the  character  of  the  whole  system  permits  establishing  the  most  probable  compositions 
for  the  phases  of  the  internal  crystallization  fields  inSystems  B  and  C.  The  direction  of  the  isotherms  for  Fields 
B  and  C  ( Fig.  8)  testifies  to  the  fact  that  their  zones  are  found  toward  the  BaFj  —  BaSi03  side.  However,  a  top¬ 
ological  analysis  of  the  system  fails  to  give  basis  to  refer  the  composition  of  these  compounds  to  the  BaFj  — 

—  BaSi03  side,  all  the  more  since  the  extremely  gentle  (shallow)  boundary  curves  for  Field  B  from  the  side  of  the 
BaFj  field  and  for  C  from  the  side  of  the  BaSi03  field  (near  point  Pe)  testify  to  their  close  locaticwi  to  the  bound¬ 
ary  lines  of  the  zones  for  the  compounds  in  Fields  B  and  C.  If  the  above  described  zone  of  the  phases  in  the 
internal  Field  C  is  tentatively  taken  as  corresponding  to  the  composition  50%  BaFj,  25%  Li2Si03  and  257o  BaSiOj, 
then  in  such  case  the  i^ase  C  compound  can  be  assigned  the  formula  2BaF2  •  Li2Si03  •  BaSi03. 

By  analogy  with  the  above  it  can  be  tentatively  assumed  that  the  compound  in  the  internal  Field  B  will 
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K  is  the  amount  of  added  component  in  percent. 

•Branches  5  and  6  intersect  at  774*;  6  is  the  0-Li2SiO3  branch, 


TABLE  8 


Section  I 

10.0 

756 

21.0 

760 

57.5 

870 

50.0 

865 

12.5 

758 

25.0 

772 

60.0 

904 

52.5 

892 

0 

796° 

15.0 

758 

30.0 

786 

62.5 

945 

57.5 

948 

5.0 

799 

17.5 

774 

Section  VI 

Section  VII 

Section  XI 

10.0 

803 

22.5 

798 

12.5 

815 

27.5 

820 

0 

7% 

0 

780 

15.0 

912 

18.0 

842 

32.5 

840 

5.0 

783 

6.0 

786 

17.5 

886 

24.0 

868 

35.0 

853 

10.0 

774 

9.0 

787 

20.0 

856 

30.0 

894 

37.5 

866 

12.5 

766 

12.0 

790 

22.5 

824 

35.0 

914 

40.0 

882 

15.0 

760 

15.0 

792 

25.0 

811 

37.5 

927 

45.0 

908 

17.5 

764 

18.0 

790 

27.5 

806 

40.0 

939 

Section 

IV 

20.0 

765 

21.0 

796 

30.0 

803 

42.5 

951 

25.0 

764 

24.0 

795 

32.5 

794 

47.5 

978 

0 

806 

30.0 

760 

27.0 

792 

35.0 

782 

50.0 

993 

5.0 

794 

35  0 

755 

30.0 

790 

37.5 

770 

55.0 

1015 

10.0 

782 

37.5 

750 

32.5 

794 

40.0 

760 

60.0 

1036 

12.5 

774 

40.0 

766 

35.0 

802 

42.5 

758 

Section  III 

15.0 

768 

45.0 

792 

40.0 

820 

45.0 

771 

17.0 

760 

50.0 

814 

45.0 

840 

47.5 

784 

0 

778 

19.0 

756 

55.0 

838 

47.5 

850 

50.0 

797 

5.0 

762 

7.5 

756 

Remarks;  In  each  section  the  amount  of  added  component  in  percent  is  shown  in  the  first 
column,  and  the  initial  crystallization  temperature  is  shown  in  the  second. 


TABLE  9 

Third  Series  of  Sections  XII-XV 


Branches  of  crystallization  curves  and  their  intersections 

Sect. 

No. 

Starting  composition 
and  direction  of  the 
sections 

Branch 

Intersection  of 
branches  1-2 

Branch 

Intersection  of 
branches  2-3 

Branch 

1 

K* 

Temp. 

2 

/r*  1 

Temp. 

3 

XII 

37.5%  LijF)  1  BaSiO 

62.5%  BaF,  )  ^ 

A 

16 

814° 

BaF, 

40.5 

865° 

BaSiO, 

XIII 

B«F, 

41 

900 

BaSiO, 

XIV 

SbSI-b-sio. 

BaF, 

34 

960 

X 

39.5 

945 

BaSiO, 

XV 

87SB.’F:hB‘SiO. 

BaF, 

33.5 

1012 

X 

41.5 

986 

BaSiO, 

*K  is  the  amount  of  added  component  in  percent. 


have  the  formula  LitSiOs  •  2LiF  •  SBaFj  ( 14.37o  Li2F2,  14.3*70  Li2Si03  and  71.4*70  BaF2) .  Consequently,  both  internal 
fields  correspond  to  ternary  hetero  complexes.  With  the  presence  of  eight  invariant  points  in  tlie  system  and  four 
noncleaving  compounds  the  composition  square  of  the  system  Li,  Ba  ||  F,  SiOs  is  divided  into  eight  phase  triangles, 
shown  in  Fig.  3.  The  main  triangulation  zones  are  the  composition  points  of  the  complexes.  The  corresponding 
phase  triangles  and  ternary  points  are  given  in  Table  14. 

The  scheme  of  the  crystallization  tree  is  shown  in  Fig.  10. 
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TABLE  11 


Section 

32.5 

1016 

Section 

xvn 

10.0 

914 

35.0 

828 

35.0 

1012 

12.5 

909 

37.5 

828 

0 

825 

37.5 

1005 

0 

982 

15.0 

905 

40.0 

818 

6.0 

817 

40.0 

994 

5.0 

947 

17.5 

904 

45.0 

803 

12.0 

816 

42.5 

992 

10.0 

907 

20.0 

901 

50.0 

888 

15.0 

814 

45.0 

1010 

12.5 

894 

25.0 

893 

52.5 

782 

18.0 

825 

47.5 

1030 

15.0 

902 

30.0 

880 

55.0 

7% 

21.0 

835 

Section  AVI 

22.5 

915 

38.0 

858 

57.5 

814 

27.5 

850 

27.5 

920 

42.5 

840 

60.0 

848 

32.5 

857 

20.0 

928 

35.0 

916 

47.5 

826 

65.0 

920 

37.5 

862 

22.5 

902 

42.5 

907 

50.0 

814 

40.0 

864 

25.0 

870 

50.0 

894 

52.5 

804 

42.5 

882 

27.5 

857 

55.0 

884 

55.0 

814 

45.0 

906 

32.5 

838 

57.5 

878 

57.5 

850 

50.0 

952 

40.0 

806 

60.0 

870 

60.0 

890 

55.0 

9% 

45.0 

782 

62.5 

894 

62.5 

930 

60.0 

1054 

47.5 

770 

67.5 

940 

Section  XX 

Section  XV 

50.0 

766 

700 

%4 

52.5 

763 

Section  XIX 

25.0 

852 

27.5 

1036 

55.0 

757 

27.5 

848 

30.0 

1026 

60.0 

766 

0 

928 

30.0 

840 

65.0 

776 

5.0 

924 

32.5 

835 

Remarks:  In  each  section  the  amount  of  added  component  in  percent  is  shown  in  the  first 
column,  and  the  initial  crystallization  temperature  is  shown  in  the  second. 

TABLE  12 


Expt. 

No. 

I  Crystallization 

1  field 

Area 
(in  %) 

1  Expt. 
No, 

Crystallization 

field 

Area 

(in  7o) 

1 

LiF . 

4.2 

7 

l.iP.RiiF, . 

5.7 

a-I,i,SiO) . 

8 

Q 

B . 

2 

C . 

3 

P-L!|SiO, . 

10 

11 

2UF-Li,SiO, . 

12.1 

4 

|»ill.8 

24.4 

y . 

5 

(l-RaF, . 

1.1 

fi 

RaStO, . 

TABLE  13 


Points 

Temp 

Character  of 
points 

Composition  (%) 

Equilibrium  solid  phases 

Li.F, 

L!}SiOa 

BbF, 

BaSiO, 

Ex 

746°  j 

Eutectic 

45.0 

13.5 

39.5 

— 

UF+2LiF-Li,SiO,+LiF'  BaF, 

Ez 

750  1 

Likewise 

34.0 

23.0 

43.0 

— 

LIF  •  BaFH-2LiF  •  U,SiO,+B 

Ez 

746  j 

1  Transition 

21.0 

32.0 

47.0 

— 

B+C+2LlF-U,SiO, 

Pt 

750  : 

7.5 

40.5 

52.0 

— 

C+Li,S!0,+2LiF-  U,SIO, 

Pt 

790 

Likewise 

— 

52.5 

395 

8.0 

C-l-Li,SIO,+BaS10| 

Pi 

868 

- 

16.0 

15.5 

68.5 

— 

Pi 

818 

" 

3.0 

27.5 

69,5 

— 

fi+C+BaFf 

Pi 

814 

w 

— 

21.0 

60.0 

19.0 

5+BaFi+LiF  •  BaFt 

R 

900 

'  Crossover 

1 

1 

17.5 

59.5  i 

! 

23.0 

Jf+BaFt+LltSiOa 
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TABLE  14 


Triangle 

numbers 

Triangles 

1 

1 

53  g 

g  -S 

S- 

Temp 

j 

I 

Li,F,— L!F- BaF,-2LIF-L!,SiO, 

Ex 

746® 

II 

LIF-BaF,-B-2LiF.Li,SiO, 

E2 

750 

III 

B— C— 2LiF-Li,SiO, 

Ez 

746 

IV 

C-Li,SiO,— 2LiF'  LijStO, 

Pi 

750 

V 

C — BaSSOa — LifSiOs 

Pb 

790 

V! 

BaF, — C — BaSiO] 

Pb 

868 

VII 

fl_C-BaF, 

P'7 

818 

VIII 

LiF— fl— BaF, 

Ps 

814 

SUMMARY 

1.  The  visual -polythermal  method  was  used  to 
study  the  crystallization  curves  of  the  binary  systems 
composed  of  the  fluorides  and  silicates  of  lithium  and 
barium:  Li2F2  —  Li2Si03,  BaSiOs  —  Li2Si03,  Li2F2  ~ 

—  BaF2,  BaSi03  —  BaF2  ( from  55.0  to  67.5%  BaF2)  and  t 
system  Li,  Ba  j|F,  Si03. 


9S3° 


Fig.  10.  Scheme  of  the  crystallization  tree  for  the 
system  Li,  Ba||  F,  SiOs. 

surface  of  crystallization  of  the  ternary  reciprocal 


2.  The  surface  of  crystallization  of  the  reciprocal  system  consists  of  eleven  crystallization  fields,  three 
eutectics,  five  nonvariant  transition  points  and  one  crossover  point. 

3.  Proceeding  from  the  character  of  the  internal  crystallization  Fields  B  and  C,  and  also  from  a  topolog¬ 
ical  analysis  of  the  system,  it  was  tentatively  assumed  that  the  most  probable  compositions  for  the  compounds 
in  these  fields  are:  B  —  2LiF  •  Li2Si03  •  5BaF2  and  C  —  2BaF2  •  Li2Si03  •  BaSi03. 

4.  The  conditional  heat  effect  of  the  exchange  reaction,  equal  to.3.75  kcal/equiv.  toward  the  side  of 
the  BaF2  ~  Li2Si03  pair,  fails  to  determine  the  direction  of  reaction,  due  to  the  development  of  complex  form¬ 
ation  in  the  system  ( both  binary  compounds  on  the  side  faces  and  also  hetero  complexes) . 

5.  A  study  of  this  system  by  the  visual -polythermal  niethod,  the  same  as  for  other  systems  with  partici¬ 
pation  of  silicate  components,  showed  the  complete  possibility  of  studying  silicate  and  silicate -salt  systems 
by  the  simple  and  rapid  visual -polythermal  method. 
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EQUILIBRIUM  DIAGRAM  OF  THE  NajClj-K jCl2-CaS04  SYSTEM 


V.V.  Rubleva  and  A.G.  Bergman 


The  system  represents  a  stable  section  through  the  composition  prism  of  the  quaternary  reciprocal  system 
Na,  K.  Call  Cl,  S04(Fig.  1). 

Two  of  the  side  systems  serve  as  stable  diagonal  sections  of  the  two  reciprocal  systems  Na,  Ca  |IC1,  SO4 
[1]  and  K,  Ca  ll  Cl,  SO4  [2],  while  the  third,  Na2Cl2  ~  KjClj  appears  as  a  binary  system  with  continuous  solid 
solutions  having  a  minimum  at  658*.  Under  cooling  these  solid  solutions  decompose  at  500"  into  limited  solid 
solutions. 

The  diagonal  section  Na2Cl2  ~  CaS04  represents  a  eutectic  system.  The  diagonal  section  K2CI2  —  CaS04 
appears  to  be  more  complex,  since  it  had  been  established  earlier  [2],  in  ccxitrast  to  the  data  of  Janecke  [3], 
that  the  heteroionic  compound  CaS04*2KCl,  melting  with  decomposition,  is  formed,  different  in  its  composi¬ 
tion  from  anhydrokainite  KCl  •  MgS04. 


EXPERIMENTAL 

The  studies  were  made  by  the  visual -poly thermal  method  in  a  platinum  crucible  with  stirrer;  an  Au, 
Pd/Pt,  Rh  thermocouple  and  millivoltmeter  with  a  mirror  scale  were  used.  The  melting  points  were;  KCl  770", 
NaCl  800",  and  CaS04,  from  literature  data,  1450*  ( decomp.)  ;  CaS04  shows  heteromorphic  transformation  at 
1150*. 


TABLE  1 


Side  systems 

Sections 

Na,C),— CaSO, 

K,C1,- 

— CaSO, 

Na,CI 

— K]C1] 

Section  i 

Section// 

Section  /// 

CaSO, 

(*/o) 

Temp. 

CaSO, 

(%) 

Temp, 

KCl 

(”/.) 

Temp, 

CaSO, 

("^) 

Temp, 

CaSO, 

(*^) 

Temp. 

CaSO, 

(%) 

Temp. 

0 

800° 

10 

739° 

10 

766° 

0 

716° 

0 

665° 

0 

658° 

5 

788 

25 

700 

15 

749 

7.5 

698 

5 

655 

10 

629 

10 

775 

30 

688 

20 

732 

15 

684 

10 

644 

17 

611 

15 

764 

32.5 

705 

25 

716 

20 

674 

15 

632 

18 

608 

20 

753 

35 

723 

30 

696 

22.5 

667 

17.5 

627 

19 

605 

25 

740 

40 

766 

35 

680 

25 

682.5 

20 

623 

20 

616 

30 

726 

42.5 

791 

40 

666 

30 

720 

22.5 

652 

21 

630 

35 

766 

45 

810 

45 

661 

35 

761 

25 

672 

23 

650 

40 

800 

47.5 

827 

50 

658 

45 

835 

25 

666 

45 

843 

50 

859 

55 

661 

55 

906 

30 

711 

50 

886 

55 

904 

60 

669 

60 

945 

55 

918 

60 

950 

65 

681 

All  of  the  data  are  expressed  in  equimolar  percents.  For  brevity  all  of  the  experimental  data  are  not  in¬ 
cluded  in  the  tables. 

Binary  Systems.  The  Na2Cl2  ~  K2CI2  system  was  repeated  by  us  ( Table  1,  Fig.  2) .  The  continuous  solid 
solutions  decompose  around  500*. 
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Fig.  1.  The  NajCl^  — KjCl2~CaS04  Fig.  2.  Binary  systems  of  the  Na2Cl2  — 

section  in  the  composition  prism  of  the  -  K2CI2  -CaS04  diagram, 

system  Na,  K,  Ca  Cl,  SO4. 


Fig.  3.  Distribution  scheme  of  the  sections  m  Fig.  4.  Sections  I,  III,  V,  VI  and  VIII  in  the 

the  Na2Cl2  -  K2CI2  -  CaS04  system.  Na2C)2  -  K2CI2  -  CaS04  system. 

Na2Cl2  -CaS04  was  studied  earlier  [1].  It  was  repeated  by  us  (Table  1,  Fig.  2).  The  eutectic  correspcwids 
to  726*  and  70%  Na2Cl2. 

K2CI2  ~  CaS04.  In  the  literature  [3]  it  is  indicated  that  only  a  simple  eutectic  exists.  The  system  was 
repeated  by  us  ( Table  1,  Fig.  2).  The  eutectic  point  corresponds  to  687“  and  30.5%  CaS04,  and  the  transition 
point  to  827“  and  47.5%  CaS04. 
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TABLE  2 


Section  iv 

1  Section  ^ 

I  Section  vt 

!  Section  ''H 

[section  vm 

(Section  xt 

CaSO, 

(%) 

Temp 

CaSO, 

(%) 

Temp, 

CaSO, 

(%) 

Temp. 

CaSO, 

(*/.) 

Temp. 

NaCI 

(%) 

Temp. 

NaCI 

(%) 

Temp, 

0 

658*" 

0 

663® 

0 

702® 

0 

730® 

0 

693® 

0 

743® 

10 

625 

10 

635 

10 

677 

10 

698 

5.8 

674 

10 

721 

17.5 

604 

15 

621 

20 

650 

20 

672 

11.5 

659 

20 

692 

19 

600 

17.5 

613 

22.5 

641 

22.5 

666 

28 

621 

25 

676 

20 

605 

20 

607 

25 

646 

25 

661 

33.3 

612 

27.5 

669 

21 

623 

22.5 

634 

27.5 

669 

27.5 

663 

36 

608 

30 

663 

22 

632 

25 

656 

30 

693 

30 

688 

38.5 

604 

32.5 

657 

23 

640 

27.5 

689 

32.5 

714 

32.5 

708 

41 

608 

35 

652 

24 

652 

30 

703 

35 

736 

35 

732 

43.7 

613 

37.5 

648 

26 

673 

32.5 

725 

37.5 

754 

37.5 

754 

46.2 

618 

40 

644 

30 

710 

35 

749 

40 

778 

40 

774 

48.8 

62.5 

45 

628 

35 

752 

40 

790 

42.5 

800 

42.5 

792 

51.3 

634 

47.5 

626 

40 

789 

45 

828 

45 

819 

45 

817 

58.7 

663 

52.5 

646 

50 

866 

50 

870 

50 

659 

50 

857 

68.4 

698 

60 

673 

CaSll 

HSO° 


Fig.  5.  Sections  II,  IV,  VII  and  IX  of  the  Na2Cl2  “  Fig.  6.  Fusion  diagram  of  the  Na^Clj  -  K2CI2  “  CaS04 
-  K2a2  ~  CaS04  system.  system. 


Earlier  [5,6]  it  was  established  that  a  compound,  melting  with  decomposition,  and  having  a  transition 
point  at  790°  and  44.5*70  CaS04,  is  present.  On  the  square  of  the  reciprocal  system  the  joint  crystallization  curve 
of  the  complex  CaS04*2KCl  and  CaS04has  a  maximum  on  the  stable  section,  which  gives  basis  to  assume  that 
this  complex  is  a  binary  heteroionic  compound, melting  with  decomposition.  On  the  side  faces  in  the  reciprocal 
system  there  also  exists  a  series  of  complexes;  KCl*CaCl2,  K2S04*  2CaS04,  2X2804*  3 CaS04. 

Ternary  System.  A  total  of  9  sections  was  studied  ( Tables  1,2,3,  and  Figs.  3,4,5).  The  study  results  ate 
shown  in  the  summary  chart  (Fig.  6)  and  on  the  projection  of  the  crystallization  tree  (Fig.  7). 

From  the  K2CI2  -  CaS04  side  the  field  for  the  separation  of  the  CaS04*  2KC1  complex  extends  nearly  to 
the  middle  of  the  triangle,  where  it  wedges  into  a  ternary  point  at  605°  and  38.5*70  K2CI2,  19*7o  CaS04  and  42.5*7© 
Na2Cl2.  Decomposition  of  the  solid  solutions  fails  to  be  observed  in  the  field  of  the  Na2Cl2  -K2CI2  solid  solu¬ 
tions. 
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Fig.  7.  Projection  of  the  crystallization  tree  of  the 
Na^Clt  —  KjClj  —  CaS04  system.  Explanation  in  the  text. 


When  the  earlier  studied  Na2Cl2  -  K2C12  ~  MgS04 
system  [4]  is  compared  we  see  considerable  difference  in 
the  type  of  complexes  that  are  formed  by  the  chlorides 
of  sodium  and  potassium  with  the  sulfates  of  magnesium 
and  calcium.  Anhydrokainite,  melting  without  decom¬ 
position,  is  formed  on  the  K2CI2  “  MgS04  section,  and 
remains  as  such  also  in  the  interior  of  the  examined  sec¬ 
tion. 


SUMMARY 


1.  The  fusion  diagram  of  the  ternary  system  K2CI2 
-  Na2Cl2  ~  CaS04,  was  studied,  being  a  section  through 
the  prism  of  the  quaternary  reciprocal  system  K,  Na, 

Ca  II  a,  SO4. 


2.  The  compound  CaS04*2KCl,  melting  with  de¬ 
composition,  penetrates  deeply  from  the  side  face  into 
the  region  of  tlie  ternary  system  up  to  a  42.5%  Na2Cl2 
content. 
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STUDY  OF  PHOSPHATE  COMPLEXES  IN  SOLUTION 


I.  PHOSPHATE  COMPLEXES  OF  IRON 


A.T.  Filipenko  and  L.N.  Ivashchenko 


Phosphoric  acid  is  often  used  to  bind  ions  of  trivalent  iron  in  a  colorless  complex  in  the  colorimetric  de¬ 
termination  of  titanium  and  a  number  of  other  ions  [i].  A  method  of  colorimetrically  determining  phosphate 
was  recently  suggested  which  is  based  on  the  breaking  up  of  thiocyanate  complexes  of  iron  by  means  of  phosphate 
ions  [2].  In  the  case  of  colorimetric  methods  of  determining  phosphorus,  it  is  necessary  to  know  the  effect  of 
other  ions  on  the  formation  process  of  colored  compounds.  To  solve  these  problems  it  is  necessary  to  know  the 
composition  and  stability  of  the  metallic  phosphate  complexes  in  solution.  However,  as  yet  there  is  a  lack  of 
reliable  data  that  would  permit  solution  of  problems  relating  to  the  behavior  of  phosjiiate  ion  in  the  presence 
of  other  ions. 

The  weakening  of  the  coloration  of  ferric  thiocyanate  solution  by  the  action  of  phosphate  was  known  as 
long  ago  as  1875  [3],  In  1889,  decolorization  of  iron  salts  under  the  action  of  phosphoric  acid  was  observed  [4]. 
Many  investigators  studied  the  composition  of  iron  phosphates  separated  out  in  the  solid  state  [5-12],  It  was  es¬ 
tablished  that  the  composition  of  the  complexes  corresponded  to  the  ratio  of  iron  to  phosphate  of  1:1,  1:2  and 
even  1:3. 


The  works  of  L.  Dede  [13],  which  employed  a  conductivity  method  on  phosphate  complexes  in 
solution,  indicate  that  the  composition  of  iron-phosphate  complex  in  solution  corresponds  to  a  ratio  of  phosphate 
to  iron  of  1:1.  A  sharp  increase  in  conductivity  upon  combination  of  solutions  of  phosphoric  acid  and  ferric 
chloride,  in  comparison  to  their  composite  conductivity,  is  explained  by  the  formation  of  a  very  strong  acid 
H3[FeP04Cl3],  Lanford  and  Kiehl  [14]  determined  the  composition  of  iron-phosphate  complex  by  Ostromyslensky 
Zhoba's  method  [15,16]  in  which  the  reaction  between  ferric  thiocyanate  and  phosphate  ion  was  used.  Accord¬ 
ing  to  these  data,  the  composition  of  iron- phosphate  in  solution  corresponded  to  1:1  but  these  data  cannot  be 
considered  reliable  since  the  formation  of  different  iron  tliiocyanate  complexes  [2]  was  not  taken  into  account. 
The  literature  [2]  mentions  that  the  composition  of  the  complex  corresponds  to  a  ratio  of  iron  to  phosphate  of 
1:1  and  1:2.  Polarographic  investigation  of  solutions  of  ferriphosphate  complexes  [13]  established  that  at  a 
high  phosphoric  acid  content  a  complex  forms,  the  composition  of  which  corresponds  to  a  ratio  of  iron  to  phos¬ 
phate  of  1:1,  From  the  displacement  of  the  half-wave  maximum  with  change  in  concentration  of  phosphoric 
acid,  the  value  of  the  instability  constant  of  the  complex  was  found  to  be  0,7  •  10'®,  The  composition  of  iron- 
phosphate  complexes  was  studied  [10,11,12]  by  means  of  ion  exchangers;  from  this  it  was  concluded  that  the 
composition  of  phosjjhate  complexes  depends  on  the  ratios  of  the  reacting  components,  but,  in  any  case,  cor¬ 
responds  to  a  ratio  of  iron  to  phosphate  of  1:1,  1:2  and  1:3,  However,  a  detailed  investigation  of  these  data  [12] 
leads  to  another  conclusion. Figure  1  shows  one  of  the  curves  taken  from  Salmon’s  work  [12], 


The  iron-  phosphate  complex  is  not  very  stable  and  thus  curves  pH 


[H3PO4]  .  .  A  [H^]  [H3PO4] 


[FeCl3]  [Fe^]  [FeClg] 
not  show  sharp  inflexions.  Under  these  circumstances,  it  is  evident  that  in  order  to  find  the  point  of  inflexion 
corresponding  to  the  composition  of  the  complex,  it  is  necessary  to  draw  tangents  to  the  experimental  points; 
the  point-t)f  intersection  of  the  tangents  indicates  the  molar  ratios  of  acid  to  ferric  chloride  in  the  iron- phosphate 
complex.  If  these  lines  are  drawn,  as  Figure  1  shows,  the  composition  of  iron -phosphate  complex  corresponds  to 
a  ratio  of  iron  to  phrsphate  of  2:1. 


do 


Thus,  from  the  briefly  mentioned  literature  survey,  it  is  apparent  that,  depending  on  the  concentrations  of 
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the  reacting  components  and,  also,  evidently,  on  the  hydrogen  ion  concentration,  different  iron -phosphate  com¬ 
plexes  are  formed  in  solution.  All  the  above -described  methods  of  determining  the  composition  of  the  iron^ 
phosphate  complex  in  solution  are  indirect  and  are  nor  completely  reliable. 

In  the  given  communication  we  present  experimental  results  on  the  study  of  the  iron -phosphate  complex 
by  a  direct  spectrophotometric  method  in  the  ultra-violet  region  of  the  spectrum. 


EXPERIMENTAL 


Composition  of  iron -phosphate  complex  in  solution.  To  determine  the  composition  of  the  iron -phosphate 
complex,  composition  light -absorption  diagrams  in  tlie  ultra-violet  region  of  the  spectrum  were  studied  [15,16, 
17],  0.1  M  solutions  of  ferric  perchlorate  and  phosphoric  acid  were  prepared.  Since  the  acidity  of  the  solution 
may  significantly  affect  the  composition  of  the  complex,  both  solutions  contained  an  identical  and  considerable 
excess  of  perchloric  acid.  The  hydrogen  ion  ccxicentration  in  both  solutions  was  1  M.  The  measurement  of 
light-absorption  was  taken  on  a  SF  -4  spectrophotometer.  Figure  2  gives  the  absorption  spectra  of  solutions  of 
ferric  perchlorate  (Curve  1)  and  iron -phosphate  complex  (Curve  2).  The  wave  lengths  are  plotted  in  m/t  as 
abscissas  and  the  molar  extinction  coefficients,  as  calculated  for  the  iron  concentration,  were  plotted  as  ordin¬ 
ates.  Phosphoric  and  perchloric  acids  virtually  do  not  absorb  in  this  region.  On  comparing  the  curves,  it  is  ap¬ 
parent  that  the  iron-phosphate  complex  has  a  considerably  larger  molar  extinction  coefficient  in  comparison  to 
the  initial  components. 


dh 


a^fO 


Fig.  2.  Absorption  spectra  of  solutions  of  ferric 
perchlorate  ( 1)  and  iron-phosphate  complex  (2) . 


,  .  r  ,  .  .  .  r  It  ts  also  evident  from  Figure  2  that  for  analysis  of 

1.  Change  in  pH  of  solution  upon  titration  of  .  .  , 

a  composition -property  diagram,  light -absorption  in  the 

wave-length  range  of  320  to  360  mg  may  be  used  as  the 

property. 

For  the  study  of  the  composition  of  the  phosphate 
complex,  solutions  of  ferric  perchlorate  and  phosi^oric 
acid  of  the  same  molarity  were  mixed  in  various  ratios, 
so  that  the  total  volume  remained  constant.  After  stirring  the  mixture  of  solutions,  the  optical  densities  for 
various  wave  lengths  from  320  to  360  mg  were  measured.  Some  experimental  results  on  the  study  of  the  com¬ 
position  of  the  iron -phosphate  complex  are  given  in  Figure  3.  The  ratio  of  the  volumes  of  0.1  M  solutions  of 
ferric  perchlorate  and  phosj^oric  acid  are  plotted  as  abscissas  and  the  values  of  the  optical  density  of  the  solu¬ 
tions  are  plotted  as  ordinates.  Curves  1  and  2  correspond  to  data  obtained  for  wave  lengths  of  350  and  360  mg. 
The  experiments  were  carried  out  at  an  acidity  of  from  0.1  to  1  N  for  the  solutions  and  also  at  concentrations 
of  from  0.01  to  1.1  M  for  the  reacting  components.  All  the  experiments  showed  that  under  these  conditions,  an 
iron -phosphate  complex  formed  with  a  ratio  of  [Fe^’*^:[P04  ]  =  2:1  (Figure  3). 


ferric  chloride  with  phosphoric  acid  (Salmon’s 
data  [12]).  1)  0.1  M  FeClj  +  40  g  NaNOj;  1.77 
M  H3PO4;  2)  O.lMFeClj;  1.77  M  H3PO4:  3) 
0.1  M  FeClj:  2.43  M  H3PO4. 


Determination  of  sign  of  the  charge  of  iron-phosphate  complex.  To  determine  the  sign  of  the  charge  of 
the  iron-phosphate  complex,  experiments  were  performed  to  determine  the  direction  of  the  migration  of  the 
complex  ion  during  hydrolysis  in  a  U-tube. 
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Fig.  3.  Composition -optical  density  curves  obtained 
by  the  isomolar  mixture  method  at  wave  lengths  of 
350  and  360  m<i. 


TABLE  1 


Found  Fe  (M  •10'^ 

Found  PO|" 

(M-10^) 

in  anolyte 

in  catolyte 

in  anolyte 

in  catolyte 

1.7 

5.0 

5 

8 

1.1 

4.3 

4 

6 

1.4 

4.3 

5 

7 

1.6 

4.6 

5 

7 

Analytical  results  on  the  catholyte  and  an- 
olyte  of  these  solutions  are  presented  in  Table  1. 

The  exp)erimental  results  show  marked  mi¬ 
gration  of  phosphate  toward  the  cathode,  which 
indicates  the  formation  of  a  cationic  complex. 
The  migration  of  iron  toward  the  anode  was  less 
marked ;  thus,  under  the  given  conditions,  the 
formation  of  complex  anions  was  noted  to  a  con¬ 
siderably  lesser  extent. 


Determination  of  stability  of  complex.  The  curves  of  Figure  3  show  a  diffuse  maximum,  which 
indicates  the  low  stability  of  the  complex  which  forms.  To  determine  the  stability  of  the  complex,  a  method 
was  used  which  was  based  on  the  study  of  the  effect  of  an  excess  of  reagent  [19].  When  the  cited  experiments 
were  carried  out,  the  concentration  of  perchloric  acid  was  1  M  ( Table  2,  Figure  4) . 

The  data  of  Table  2  show  tliat  practically  complete  binding  of  the  iron  into  the  phosphate  complex  takes 
place  at  a  concentration  of  excess  phosphoric  acid  equal  to  1  M.  Table  2  also  shows  the  percentage  of  iron 
bound  in  the  complex  as  a  function  of  the  concentration  of  excess  phosphoric  acid.  These  data  were  calculated 
on  the  basis  of  the  obtained  optical  density  values  for  the  corresponding  solutions.  On  complete  binding  of  iron 
into  complex,  the  optical  density  of  the  solution  was  1.40.  The  optical  density  of  free  iron  is  di  sregarded  in  all 
cases,  since  its  value  is  relatively  small.  The  quantity  of  iron  that  is  bound  in  complex  is  calculated  from  ex- 
Q  I  1  3"f‘  Dx 

pression:  [Fe  ]bound  ]total*  where  Dx  is  the  optical  density  of  the  given  solution  and  Dn  is  the 

optical  density  of  the  solution  on  complete  binding  of  iron  in  complex  ( Djj  =  1.40) .  Figure  4  gives  the  concen¬ 
tration  of  the  excess  of  phosphoric  acid  on  binding  of  half  of  the  iron  in  complex,  which  is  10*^'®*  M  «  10"*  M. 


TABLE  2 


Concentration  of  excess 
phosphoric  acid  ( in  M) 

2.5-10"* 

7.5 -10-* 

1.25-10-* 

0.5 

1.0 

Optical  density  of  sol¬ 
ution  (320  mji) 

0.418 

0.598 

0.760 

0.900 

i 

1 1.11 

1 - 1 

1  1 

1  1.25 

I 

1.39 

1.40 

Percentage  of  iron 
bound  in  complex 

29.0 

42.6 

54.3 

64.3 

79.3 

I 

89.3 

i 

9.3 

!  100 

-log  CH3PO4 

1  2.6 

2.12 

1  1.90 

1.76 

!  1.43  i 

t  ' 

1  1.32 

0.30  1 

i  0 

Thus,  a  cationic  ferriphosphate  complex  forms  in  solution,  which  is  characterized  by  low  stability.  Fig¬ 
ure  5  shows  than  an  excess  concentration  of  10"*  M  phosphoric  acid  is  necessary  for  binding  half  of  the  iron  in 
complex.  For  complete  binding  of  iron  in  complex,  it  is  necessary  to  have  an  excess  concentration  of  1  M 
phosphoric  acid;  i.e.,  200  times  more  in  comparison  to  the  iron  concentration.  The  existence  of  such  a  com¬ 
plex,  although  of  low  stability,  evidently  is  the  reason  why  a  large  excess  of  ammonium  molybdate  must  be 
added  to  form  the  phosphomolybdic  heteropoly  acid  in  the  presence  of  iron  [20],  Analysis  of  ferrous  metals 
shows  the  content  of  iron  to  be  several  thousand  times  greater  than  the  phosphorus  content.  In  the  case  of  form¬ 
ation  of  the  phosphomolybdic  complex  in  the  presence  of  iron  salts,  it  is  necessary  that  the  molybdate  ions  dis¬ 
place  the  iron  from  the  phosphate  complex  and  replace  it.  The  phosphomolybdic  complex  is  also  of  low  stabil- 
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ity  [21,22]  and  therefore  an  excess  of  molybdate,  approximately 
equal  to  the  iron,  is  needed  when  iron  is  present. 

SUMMARY 

1.  The  composition  of  the  iron -phosphate  complex  in  sol¬ 
ution  was  studied.  Experiments  on  ion  migration  showed  that  the 
phosphate  ion  migrates  predominantly  toward  the  cathode  and, to 
a  considerably  lesser  extent, toward  the  anode.  This  indicates  the 
formation  of  cationic  complexes  in  solution  and, to  a  considerably 
lesser  degree,  anionic  complexes. 

2.  On  the  basis  of  a  study  of  the  diagram  of  composition - 
light-absorption  in  the  ultra-violet  region  of  the  spectrum,  it  was 
established  that  the  composition  of  the  ferriphosphate  complex 
in  solution  is  [Fe®‘‘^  :[PC^~]  =  2:1.  In  solution  this  complex  may  be 
assigned  tlie  formula  [FejP04]®^. 

3.  Our  ccaiclusions  concerning  the  composition  of  the  com¬ 
plex  coincide  with  Salmon's  corrected  data  [12],  which  were  ob¬ 
tained  by  studying  iron -phos pirate  complexes  by  means  of  adsorb¬ 
ents. 

4.  To  bind  half  of  the  iron  in  complex  it  is  necessary  to  have  an  excess  concentration  of  1.05*  10~*  M 
phospirate  ion..  This  value  characterized  the  stability  of  the  feni -phosphate  complex  of  iron. 

5.  The  formation  of  the  ircm-phosphate  complex  explains  the  necessity  of  using  a  large  excess  of  molyb¬ 
date  in  determining  phosphorus  in  ferrous  metals. 
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OXALATE  COMPLEXES  OF  IRON  (III) 
A.K.  Babko  and  L.I.  Dubovenko 


The  existence  of  oxalate  complexes  of  iron  ( III)  and  iron  ( II)  was  noted  even  in  the  works  of  Eder  and 
Valenta  [1].  These  compounds  were  studied  in  greater  detail  by  Schaffer  and  Abegg  [2],  who  considered  them 
to  be  salts  of  ferrl-  and  ferrooxalic  acids  Me3[Fe(  €204)3]  and  Me2[Fe(  €204)2].  Further  investigation  of  the  sta¬ 
bility  of  iron-oxalate  complexes  was  undertaken  by  V.F.  Toropova  [3],  She  determined,  by  a  polarographic 
method,  the  dissociation  constant  of  the  iron-ferrooxalate  complex,  (mi  the  basis  of  which  she  calculated  the 
dissociatibn  constant  of  the  ferrioxalate  complex; 

^  ^[F^]mLi.2.io-s, 

'^'(^204)3  [Fe(C204)^] 


However,  in  calculating  this  and  other  magnitudes,  it  was  accepted  that  the  concentration  of  CiC^~  ion 
corresponded  to  the  total  concentration  of  H2C204.  However,  oxalic  acid  is  a  weak  acid,  and,  therefore,  without 
data  on  the  pH  of  the  solution,  it  is  not  possible  to  calculate  the  free  oxalate-icHi  concentraticMi. 


On  studying  the  Heats  of  formation  of  complex  compounds  of  divalent  metals  (  Mn,  €0,  Ni,€u,  Zn)  with 
oxalate  ion,  K.B.  Yatsimirsy  and  E,K.  Zolotarev  [4]  by  interpolation,  calculated  the  reactlcHi  heat  of  formatitm 
of  Fe(  €204)2"  and  then  the  instability  constant  of  this  ion.  Further,  using  the  data  of  V.F.  Tcwopova,  according 

to  which Kpe(^c and  value  of  KFe(  €204)5**  which  was  found  by  interpolation,  the  autiiws 

calculated  C204)|“*  proved  equal  to  3.7  •  10"*^. 

Lambling  [5],  on  the  basis  of  neutralization  curves  of  solutions  of  trivalent  iron  which  contained  various 
quantities  of  oxalate  ion,  demonstrated  the  presence  of  the  following  equilibria  in  the  system. 


Fe‘’+-f-C20^-  =  FeC20t  (1) 

FeC204'^-«-C205~  =  Fe(C204).7  l2) 

Fe(C204)7  I-  C20:-  =  Fe(C204)^  (3) 

The  corresponding  dissociation  constants  were  also  determined;  Kj  =  10"®*^,  K2  =  10"®**,  K3  =  10  *.  How¬ 
ever,  in  calculating  the  values  of  the  constants,  the  dependence  of  the  free  oxalate  -ion  concentration  on  the  pH 
of  the  solution  was  not  taken  into  account.  Moreover,  in  calculating  the  constants,  the  effect  of  pH  with  respect 
to  shifting  the  equilibria  of  complex -formation  was  not  considered.  In  this  connection,  the  conclusions  contra¬ 
dict  the  experimental  conditions.  Thus,  for  example,  from  the  expression  of  the  seccaid  Instability  constant  can 
be  calculated  the  free  oxalate  ion  concentration  at  which  the  half  the  quantity  ( or  more)  of  the  first  complex 
group  is  converted  to  the  second  in  accord  with  Equation  (  2) ; 


if 


^  [FeC20r][C20n  _  ^0-^.8  whicl{Fe(C204)r]  >  [FeC^Or  ] 

[Fe(C204)2  ] 


[€2C^"]  >  10-®**  . 


(4) 
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The  acid  dissociation  constant  of  oxalic  arid  is  equal  to; 


K. 


[h-]*[c,oM 


IHaCjO,] 


=  AT.A'o  =  10' 


(5) 


In  Lambling’s  work,  a  (total)  concentration  of  the  order  of  lO'^M  oxalate  and  more  was  used.  Thus, 
Condition  (4)  is  fulfilled  at  a  II*'-lon  concentration  of 


|H+1 


10 


,-5.2  ,  JO-3 


10' 


Vl0~’**  =  10"" 


Consequently,  in  accord  with  Lambllng's  data  on  the  Instability  ccmstant,  at  pH  >  0.7  a  large  portion  of 
the  iron  goes  from  complex  FeCjOj  to  complex  Fe(Cj04)i.  Lambling  calculated  the  value  of  the  constant  for 
complex  FeCjOj  at  pH  3  and  higher. 

In  the  present  work  an  attempt  was  made  to  investigate  complex -formation  in  system  Fe®’’’  —  C2O4"  by 
using  physicochemical  analytical  methods. 


Determination  of  tlie  composition  of  complexes  by  equilibrium  with  colored  ferric  complexes  in  isomolar 
series.  The  method  was  similar  to  that  used  for  investigating  colored  complexes  of  ferric  fluoride  by  equilibrium 
with  a  colored  ferric  thiocyanate  complex  [6].  As  a  property  of  the  investigated  system  Fe^"*"  —  €204"  -  SCN" 
the  optical  density  of  the  solutions  was  measured.  The  ratios  of  tlie  volumes  of  Fe^''’(  witli  addition  of  potassium 
tliiocyanate)  and  oxalate  solutions  were  plotted  as  abscissas  ;  in  the  series  of  solutions  the  sum  of  the  gram-ion 
concentrations  of  iron  ( III)  and  oxalate  remained  constant.  The  decrease  in  the  intensity  of  the  color,  caused 
by  formation  of  the  colorless  oxalate  complex,  was  plotted  as  ordinates.  The  reaction  was  carried  out  at  pH  « 

«  1-2  ( to  avoid  hydrolysis  of  ferric  salts),  at  which  the  ccxicentration  of  oxalate  ion  is  strongly  reduced  due  to 
binding  in  tlie  H2C2O4  molecule.  At  a  thiocyanate  concentraticm  of  [SCN”]  «  iron  is  present  chiefly 

in  the  form  of  the  complex  monothiocyanate  cation. 

Thus,  the  equilibrium  we  studied  may  be  represented  by  the  following  equation; 


FeSCN*■^-^-nC205  =Fe(C204)Jf  ^’>H-SCN  . 


Two  series  of  experiments  were  carried  out  to  determine  the  composition.  As  the  first  component  of  the 
first  series  a  solution  was  taken  which  contained  8*  10'^  mole  ferric  nitrate  and  8*  10"^  mole  potassium  thiocy¬ 
anate  in  1  liter.  The  second  component  was  an  8*  lO'^M  solution  of  ammonium  oxalate.  All  solutions 
contained  0.05  mole  nitric  acid  in  1  liter.  The  measurements  of  optical  density  were  carried  out  on  a  PM  pho¬ 
tometer  at  an  effective  wave  length  of  465  mp  and  a  layer  thickness  of  10  mm.  The  results  of  the  measurements 
are  given  in  Table  1. 


TABLE  1 


Column  4  of  Table  1  gives  the  results  of 
measuring  the  optical  density  of  solutions  of 
the  second  series,  which  were  prepared  the 
same  as  solutions  of  the  first  series  (Column  3), 
only  without  oxalate  ion;  in  its  place  was  ad¬ 
ded  corresponding  amounts  of  0.05  N  nitric  acid. 
Column  5  gives  the  values  for  the  decrease  in 
optical  density  ( D)  of  ferric  thiocyanate  due 
to  fcM:mation  of  ferric  oxalate. 

Figure  1  presents  a  diagram  of  the  proper¬ 
ties  of  system  FeSCN*'*’  -  H2C2O4  in  accordance 
with  the  data  of  Table  1.  Curve  1  shows  the 
optical  density  of  solutions  of  the  first  series, 

1  Curve  2  -  the  optical  density  of  solutions  of 

control  experiments.  The  difference  in  the  op¬ 
tical  density  values  of  the  solutions,  i.e.,  decrease  in  optical  density  caused  by  complex-formation,  is  shown  in 
the  same  scale  by  Curve  3. 

The  maximum  decolorization  was  observed  at  a  ratio  of  Fe®''’;C2C)4"  =  1;1.  Under  the  given  conditions. 


Volume  ofsolutibn(ml) 

Optical  density  1 

FeSCN*'^ 

!  (NH4)2C204 

in  presence !  without 
of  '(NH4)2C204 

(nh4),c,04  : 

!  D 

8 

i 

!  2 

1.43 

1  1.65 

1 

i  0.22 

7 

i  3 

1.08 

1.45 

0,37 

6 

!  4 

0.68 

;  1.22 

1  0.54 

5 

!  5 

0.31 

^  1.01 

i  0.70 

4 

i  6 

0.13 

'  0.76 

1  0.63 

3 

7 

0.05 

;  0.50 

i  0.45 

2 

8 

0.03 

1  0.29 

1  0.26 

this  indicates  the  formation  of  a  complex,  the  composition  of  which,  evidently,  corresponds  to  the  formula 
FeCjOt 


The  formation  of  a  similar  complex  was  confirmed  also  by  a  series  of  experiments  using  the  isomolar- 
series  method  for  system  Fe^’’’  -  lIjSal  -  CjO*"  -  IljO.  Withsalicyclic  acid  in  acid  medium  (  pll  up  to  2)  the 

CellT  Je 

^COO^ 


trivalent  iron  forms  a  red -violet  complex  cation 


[7].  A  solution  containing  fenlc  ni¬ 


trate  (4*  10“^  M)  and  salicyclic  acid  (4*  10"^  M)  was  taken  as  the  first  component  and  ammonium  oxalate 
(4*  10~®  M)  was  taken  as  the  second  component  of  the  series.  The  concentration  of  nitric  acid  in  all  solutions 
was  0.1  N.  The  results  of  measuring  the  optical  density  at  533  m/i  are  given  in  Table  2. 


TABLE  2 


Volume  of  solutions  ( in  ml)  j  Optical  density 


FeSal+ 

(NH4)2C204 

without 

^(NH4)2C204 

in  presence  of  | 
(NH4),C,0,  i 

8 

2 

1.37 

1.15 

0.22 

7 

3 

1.16 

0.77 

0.39 

6 

4 

0.91 

0.39 

0.52 

5 

5 

0.68 

0.09 

0.59 

4.5 

i  5.5 

0.57 

0.01 

0.56 

4 

:  6 

0.45 

0.01 

0.44 

3 

!  7 

0.26 

0 

0.26 

2 

8 

0.06 

0 

0.06 

ml  (NH^)^Ci0t 


Fig.  1,  Isomolar  series  of  system  FeSCN*"*"—  Fig.  2.  Isomolar  series  of  system  FeSal"*"  —  (NH4)jC204. 

—  (NH4)2C204.  Explanation  in  text. 

Figure  2,  plotted  in  coordinates  (composition  of  complex -decrease  in  optical  density)  shows  that  the  max¬ 
imum  decolorization,  i.e.,  the  formation  of  the  iron-oxalate  complex  is  observed  at  a  ratio  of  Fe®'*'  and  C2OI  , 
of  1;1.  On  increasing  the  concentration  of  oxalate  ion,  the  formation  of  other  complexes,  aside  from  the  simple 
FeC204'''  complex,  with  a  larger  number  of  coordinated  oxalate  ions,  is  to  be  expected.  Therefore,  the  section 
of  system  Fe®'*'  —  C2O4"  -  solvent,  which  corresponds  to  the  isomolar  series,  depending  on  the  [C2O4']  concentra¬ 
tion,  may  pass  through  fields  in  which  other  complexes  predominate  [8]. 

Increase  in  the  oxalate  ion  concentration  may  be  accomplished  by  increasing  the  pH  of  the  solution;  we 
therefore  studied  isomolar  series  of  the  system  ferric  monosalicylate -oxalic  acid  at  various  pH  values  of  solution. 
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A  solution  of  ferric  nionosallcylatCi  In  which  the  quantity  of  Fe®'*'  and  Sal*"  corresponded  to  the  molar  ratio  of 
1;1,  was  taken  as  tlie  first  component  of  the  series;  a  solution  of  ammonium  oxalate  of  the  same  concentra- 
tl(Mi  was  taken  as  the  second  component.  All  solutions  contained  a  fixed  concentration  of  nitric  acid.  The  pH 
values  were  measured  by  a  qulnhydrone  electrode.  The  components  of  the  series  were  mixed  in  different  ratios 
with  a  constant  total  volume  of  10  ml. 

To  reduce  the  error  in  the  optical  density  measurements,  we  used  somewhat  different  concentrations  of 
Isomolar  series  at  different  pH  values  of  solution.  Thus,  the  cOTicentration  of  ferric  nitrate  (  and  of  the  oxalate 
respectively)  in  the  series  of  experiments  at  pH  0.5  was  4«  10“®  mole/liter,  at  pH  1.3,  1.62  and  1.9  it  was 
2*10'*  mole/liter  and  at  pH  2.5  it  was  1*  10’*  mole/liter. 


TABLE  3 


Exp.  No. 

I  (NH4)2€204 

1  (mole /liter  • 
i  *10^) 

D 

D 

-lcg[(NH4),€204] 

-log  D 

1 

; 

1  ° 

0.91 

- 

- 

2 

i  0.4 

0.83 

0.08 

4.40 

1.10 

3 

j  0.6 

0.79 

0.12 

4.22 

0.92 

4 

1  0.8 

0.75 

0.16 

4.10 

0.79 

5 

i  1.0 

0.72 

0.19 

4.00 

0.72 

6 

i  1.2 

0.68 

0.23 

3.92 

0.63 

7 

i 

0.64 

0.27 

3.85 

0.57 

8 

1  1.6 

0.59 

0.32 

3.80 

0.49 

9 

:  1.8 

0.56 

0.35 

3.74 

0.45 

10 

i  2.0 

0.53 

0.38 

3.70 

0.42 

11 

1  2.4 

1 

1 

0.45 

0.46 

;  3.62 

0.34 

na(NH,),cA 


Fig.  3.  Isomolar  series  of  system  FeSal'*’  —  (NH4)jC204 
at  different  pH  values  of  soluticai.  Explanation  in 
text. 


Figure  3  shows  a  diagram  of  the  properties  of 
the  studied  system  as  a  function  of  the  pH  of  solution. 
For  convenience  of  comparison,  instead  of  the  values 
for  the  change  in  optical  density,  the  values  for  the  de¬ 
crease  in  optical  density,  referred  to  a  1  M  solution, 
l.e.,  expressed  in  the  units  of  the  molar  extinction 
coefficient,  are  used  as  ordinates.  Thj  values  of 
were  obtained  as  usual  by  division  of  D  by  the  value 
of  the  ferric  nitrate  concentration  ( in  mole/liter)  and 
by  the  height  of  the  cell  ( in  cm) . 

The  figure  shows  that  at  pH  »  0.5 -1.3  the  simp¬ 
lest  complex  forms  with  a  1:1  component  ratio.  On 
increase  of  pH,  the  number  of  coordinated  ions  in¬ 
creases  and  the  maximum  shifts  to  the  right.  At  pH  > 

>  1.9  the  number  of  coordinated  oxalate  ions  is  equal 
to  2,  i.e.,  a  complex  Fe(  €204)2  evidently  forms  in  tfie 
system.  Evidently,  on  further  increase  of  pH,  forma- 
ticHi  of  the  complex  anion  Fe(  €204)3’  takes  place 
which  has  the  maximum  number  of  coordinated  groups. 


Determination  of  the  composition  on  other  sections  of  the  system.  The  investigated  system  may  be  rep- 
resented  in  the  fc*m  of  a  triangle  FeSON*’*’  ~  €20^"  ~  H2O.  The  section  parallel  to  the  side  €205"  ~  H2O  may 
be  used  to  determine  the  composition  of  the  complex.  This  section  corresponds  to  the  series  of  experiments  with 
a  constant  concentration  of  ferric  thiocyanate  and  a  variable  concentration  of  oxalate  ion.  The  general  form 
of  the  process  may  be  expressed  by  equation: 


FeSCN*+  /iCjO;-  =  Fc(C204)J;’-*’')  -I-  SCN-. 


(6) 
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The  equilibrium  constant  is  equal  to: 


„  _Lf.(c,oX-'"'][scn-] 

Kequll -  -  [c,Or]’'fF;5ci??r  ' 

If  a  sufficient  excess  of  potassium  thiocyanate  is  added,  then  the  concentration  of  [SCN"]  will  not  change 
substantially  when  the  equilibrium  shifts.  For  simplicity,  the  same  experiments  may  be  used  in  which  the  de¬ 
crease  in  optical  density  was  not  great  in  comparison  to  the  initial  optical  density,  i,e,then  the  ccxicentration 
of  [FeSCN*'*']  may  be  considered  approximately  constant;  in  this  case,  Equation  ( 7)  is  simplified: 

A)!:’-”"!  ,,  ,  ,, 

-7^- i  -  =  ^  (  constant)  (8) 

J 


The  logarithmic  form  of  this  equation  is; 

Ic^gf  Fe(C204)fr'*"]  -  U  lo^C^oM  .5  =  0.  (9) 

Variation  in  concentration  of  [Fe(  €204)^1  is  proportional  to  the  decrease  in  optical  density  D.  In  suf¬ 
ficiently  acidic  solutions  (  pH<pK  for  H2C2O4)  only  a  small  portion  of  the  added  oxalate  is  bound  In  complex; 
the  free  oxalate  ion  concentration  may  thus  be  considered  directly  proportional  to  the  total  concentration  of 
added  oxalic  acid.  Thus,  on  the  basis  of  Equation  ( 9)  we  may  write; 

log  D  -  '4og[C205“j3jl  H-  5  =  0.  (10) 

If  the  values  of  the  negative  logarithm  of  the  decrease  in  optical  density  and  the  negative  logarithm  of 
ammonium  oxalate  concentration  ate  plotted  in  the  same  scale  on  a  curve,  then  the  slope  of  the  curve  will 
correspond  to  the  value  of  n; 

tan  a  =n.  ( 11) 

Table  3  gives  the  results  of  optical  density  measurements  of  a  series  of  solutions  containing  ferric  nitrate 
(4*10"^  mole/liter),  a  10-fold  excess  of  potassium  thiocyanate  ([KSCN]  =  4*  10"^  mole/liter)  and  various 
amounts  of  ammonium  oxalate  from  0.4*  10"^  to  2.4*  10"^  mole/liter.  All  solutions  were  prepared  in  a  medium 
containing  0.05  N  nitric  acid  and  were  diluted  to  a  fixed  volume  ( 10  ml)  with  this  acid.  The  measurements 
were  carried  out  at  4G5  mp  and  for  1C  mm  layer  thickness. 

The  given  data  show  that  as  the  concentration  of  ammonium  oxalate  increases  2,4  .  .  .  times,  the  de¬ 
crease  of  the  color  intensity  changes  also  approximately  by  a  factor  of  2,4  .....  Thus,  the  decrease  in  colcx 
intensity  is  linearly  proportional  to  the  oxalate  concentration,  i.e.,  the  number  of  oxalate  ions  coordinated  with 
iron  is  n  =  1. 

Figure  4  shows  lines  corresponding  to  n  =  1,2  and  3  and  the  experimental  data  are  represented  as  points..  It 
is  evident  that  the  experimental  points  correspond  to  a  line,  the  tangent  of  which  is  tan  a  =  n  =  JL. 

With  this  method  we  studied  the  equilibrium  with  the  iron -salicy  late  complex.  The  results  corresponded 
to  tan  fl  =  n  =  1. 

Thus,  the  given  data  confirm  the  fact  that  the  composition  of  the  complex  studied,  under  the  given  con¬ 
ditions,  may  be  expressed  by  the  formula  FeC20/* 

Determination  of  tlie  composition  of  complexes  on  the  basis  of  light  absorption  study  of  isomolar  series 
in  the  ultra-violet  region  of  the  spectrum.  According  to  the  available  literature  data,  perchlorate  ions  do  not 
absorb  in  the  accessible  ultra -violet region  [9]  and  do  not  display  any  marked  tendency  towards  complex  form¬ 
ation  [10];  therefore,  a  solution  of  ferric  perchlorate  was  taken  for  the  investigation  of  system  Fe^"''  ~  H2C2O4 
in  ultra-violet  light.  The  absorption  spectra  of  aqueous  solution  of  ferric  perchlorate  are  described  in  the  litera¬ 
ture  [11-13].  The  intense  band  with  a  maximum  near  240  m/i  is  ascribed  to  hydrated  ferric  ions.  We  measured 
the  absorption  spectrum  of  a  2*  10"^  M  solution  of  ferric  perchlorate  in  0.1  N  perchloric  acid.  The  measure¬ 
ment  was  carried  out  on  a  SF-4  spectrophotometer  for  a  layer  thickness  of  10  mm.  The  light  absorption  maxi¬ 
mum  was  observed  for  a  wave  length  near  240  mp  (Figure  5,  Curve  2), 


Fig.  4.  Dependence  of  decrease  of  optical  density 
on  ammonium  oxalate  concentration.  Explanation 
in  text. 


Fig.  5.  Absorption  spectra  of  solutions  of  iron -oxalate 
complex  ( 1),  ferric  perchlorate  (2)  and  sodium  oxa¬ 
late  (3). 


D 


Fig.  6.  Absorption  spectra  of  solutions  of  iron-oxalate 
complexes  at  various  pH  values  of  solution. 


Fe(,aO^ 


Fig.  7.  Isomolar  series  of  system  Fig.  8.  Isomolar  series  of  system  Fe(  004)3  ~  ^1^*04  at  vari- 

Fe(  004)3  —  H2C2O4.  ous  concentrations  of  perchloric  acid.  1)  0.1  M  HOO4,  2) 

0.01  M  HOO4,  3)  0.002  M  HOO4. 
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On  introduction  of  an  excess  of  sodium  oxalate  in  the  system,  the  light  absorption  of  the  solution  increases 
and  the  character  of  the  curve  changes  ( Figure  5,  Curve  1) .  The  concentration  of  ferric  perchlorate  was  2*  10"^ 
mole/liter,  that  of  sodium  oxalate  1  *  10*^  mole/liter  and  that  of  HCIO4  0.1  N.  Curve  3  shows  the  absorption 
spectrum  of  sodium  oxalate  under  the  same  conditions.  A  comparison  of  the  curves  of  Figure  5  shows  that  the 
maximum  difference  in  the  light  absorption  between  solutions  of  iron  oxalate  complex  on  the  one  hand  and  of 
ferric  perchlorate  on  the  other,  is  observed  at  280-300  mfi. 

Figure  6  shows  the  absorption  spectra  of  the  iron  oxalate  complex  at  different  values  of  solution.  It  is  ev¬ 
ident  that  as  the  pH  of  solution  increases,  the  light  absorption  by  the  solutions  increases  due  to  formation  of 
complexes  of  different  composition;  however,  the  character  of  the  Curves  remains  the  same. 

To  determine  the  composition  of  the  iron  oxalate  complex,  a  system  which  contained  210*®  M  solutions 
of  Fe(  C104)3  and  HjCj04  was  studied  by  the  isomolar -series  method.  All  solutions  contained  0.1  mole  HCIO4 
in  1  liter.  The  optical  density  of  the  solutions  was  measured  at  wave  length  302.2  m#!.  The  comparison  solu¬ 
tions  were  located  in  the  second  cell -holder;  here  were  placed  two  cells  (4.997  mm  thick  each) ;  into  one 
was  run  a  solution  of  ferric  perchlorate  and  into  the  other  was  run  oxalic  acid.  The  quantity  of  both  cited  com¬ 
ponents  corresponded  each  time  to  the  given  investigated  solution  of  the  isomolar  series.  Thus,  on  passage  of 
the  light  beam  through  these  two  consecutively  placed  cells,  that  portion  of  light  was  absorbed  which  corres¬ 
ponded  to  the  given  quantity  of  Fe®"*"  and  C2O4”  ions  which  had  not  reacted.  In  the  first  cell  these  quantities 
were  intermixed  with  each  other.  Consequently,  the  reading  of  the  spectrophotometer  directly  characterizes 
the  change  of  the  optical  density  due  to  chemical  reaction  of  Fe®^and  CjC^  .  Figure  7  gives  the  results;  the 
light  absorption  maximum  is  found  at  the  ratio  1:1  of  reacting  components  Fe®'*’  and  CjC^*. 

It  was  Interesting  to  examine  the  change  of  the  composition  of  the  complex  as  a  function  of  pH.  The  re¬ 
sults  of  the  optical  density  measurements  are  given  In  Figure  8. 

Concentration  of  initial  solutions:  [Fe(  C104)3]  =[H2C204]  =  5«10**  mole/liter.  The  concentration  of  per¬ 
chloric  acid  was  2  •  10"®  mole/liter  ( Curve  3) ,  1  •  10**  mole/liter  ( Curve  2)  and  1  •  10**  mole/Kter  ( Curve  1 ) . 
The  other  conditions  were  the  same  as  described  previously.  Measurements  were  taken  at  wave  length  280.4  mjLi 

SUMMARY 

For  the  study  of  the  iron  oxalate  complex,  a  method  was  used  which  involved  physicochemical  analysis 
of  the  solutions.  The  property  of  the  system  that  was  measured  was  the  optichl  density.  The  determination  of 
the  composition  of  the  iron  complex  which  formed  was  carried  out  by ‘investigation  of  the  equilibrium  with 
colored  iron  complexes  and  also  the  absorption  spectra  and  the  optical  density  of  isomolar  series  in  the  ultra¬ 
violet  portion  of  the  spectrum. 

It  was  shown  that  the  composition  of  the  complex  at  pH^l  corresponded  to  a  1:1  ratio  of  Fe®'*’and  C2O4  . 
Aside  from  the  above-mentioned  FeC204''’,  the  complex  anion  Fe(  C2O4)  *  also  formed  when  the  oxalate  ion  con¬ 
centration  increased,  which  was  due,  in  particular,  to  the  increase  of  the  pH  of  solution  to  «  2.  At  pH  «  2.5, 

Fe(  €204)2  predominated  in  the  solution. 
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VISCOSITY  CALCULATIONS  OF  BINARY  SYSTEMS.  II 


R.P.  Airapetova  and  N.T.  Redkorebrova 


Systems  benzene -ethylbenzene,  benzene -dibromoethane  and  benzene-methyl  acetate  were  studied  by  the 
viscosity  and  density  method. 

After  purification,  the  initial  substances  had  b.p.;  benzene  78.3*  (727  mm),  ethylbenzene  135.0*  (737  mmX 
dibromoethane  130.4*  (747  mm)  and  methyl  acetate  55.9*  (730  mm). 

System  benzene-ethylbenzene  was  studied  at  25,  45  and  66*.  The  results  of  the  viscosity  and  density 
measurements  are  given  in  Table  1,  The  viscosity  curve  at  25*  shows  a  slight  minimum,  with  increase  of  temp¬ 
erature  the  isotherm  becomes  a  convex  curve  and  at  65*  becomes  a  straight  line.  The  density  values  were  con¬ 
verted  to  molar  volumes.  The  diagram  of  molar  volumes  is  characterized  by  straight  lines. 

System  benzene-dibromoethane  was  studied  at  25,  45  and  65*.  The  results  of  the  measurements  of  vis¬ 
cosity  and  density  are  given  in  Table  2.  The  viscosity  isotherms  of  this  system  are  convex  towards  the  axis  of 
composition.  The  molar-volume  isotherms  of  this  system  are  curves  which  are  concave  towards  tlie  axis  of 
composition. 


System  benzene -methyl  acetate  was  studied  at  25,  35  and  45*.  The  results  of  the  viscosity  and  density 
measurements  are  given  in  Table  3.  The  viscosity  isotherms  are  convex  towards  the  axis  of  composition.  The 
molar-volume  isotherms  are  concave  towards  the  axis  of  composition. 


Diagram  of  "bond  energy-composition”  of  the  systems:  benzene- ethylbenzene  (a);  benzene- 
dibromoethane*  (b),  and  benzene- methyl  acetate  (c). 

Viscosity  was  calculated  according  to  the  sli^tly  altered  formula  of  Panchenkov  [1].  The  calculated  vis¬ 
cosity  values  agreed  well  with  the  experimental  data.  Tables  1-3  give  the  calculated  values  of  the  viscosity 
of  the  investigated  systems,  which  are  given  at  two  temperatures,  since  the  experimental  data  on  the  viscosity 
at  the  third  temperature  were  used  for  calculating  the  logarithm  of  constant  A^  which  depends  on  the  compo¬ 
sition  of  the  mixture.  Tables  1-3  give  also  the  values  for  the  percentage  deviation  of  the  calculated  viscosity 
value  from  the  experimental  value  (Aff^o)  the  bond  energy  of  the  mixture  molecules  (E^X  th®  bond  energy  of 
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System  Benzene -Methyl  Acetate 
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the  molecules  of  the  first  component  with  the  mole¬ 
cules  of  the  second  component  Calculation  of 

the  values  of  £1^2  '^^s  carried  out  as 

described  in  PanchenkoV's  monograph  [2], 

Curves  of  the  dependence  of  the  bond  energy  of 
the  molecules  on  composition  (see  diagram)  were  plot¬ 
ted.  The  "bond  energy-composition"  curve  of  system 
benzene-ethylbenzene  is  convex  towards  the  axis  of 
composition.  Curves  of  systems  benzene-dibromoethane 
and  benzene -methyi  acetate  pass  through  the  minimum. 

Correlation  of  the  data  on  viscosity,  molar  vol¬ 
umes.  and  bond  energy,  shows  that  there  is  no  chem¬ 
ical  affinity  between  the  components  of  system  ben¬ 
zene-ethylbenzene.  The  cryoscopic  molecular- weight 
determinations  that  were  carried  out  also  indicate  an 
absence  of  molecular  change;  in  benzene  the  mole¬ 
cular  weight  of  ethylbenzene  remained  constant.  The 
dependence  of  die  partial  pressures  of  the  components 
of  this  system  on  composition  is  expressed  by  a  straight 
line  [3]. 


The  components  of  the  system  benzene-dibromo¬ 
ethane  and  benzene -methyl  acetate  also  show  no  chem¬ 
ical  interaction  between  each  other;  however,  in  the 
formation  of  these  systems,  some  expansion  occurs.  An 
indication  of  expansion  in  systems  benzene-dibromo¬ 
ethane  and  benzene -methyl  acetate  are  the  molar-vol¬ 
ume  isotherms  and  the  bond  energy -composition  curves 
(see  diagram  )  which  are  concave  towards  the  axis  of 
composition. 


F 


Kireev's  data  [4]  give  the  expansion  in  system 
benzene-dibromoethane  as  0.225  cm®  and  the  heat  ef¬ 
fect  of  solution -formation  as  -68.7  cal. 


Cryoscopic  measurements  in  benzene  of  the  mole¬ 
cular  weight  of  dibromoethane  and  methyl  acetate 
(Tables  4  and  5)  showed  slight  deviations  from  the  con¬ 
stant  value  of  the  molecular  weight  of  dibromoethane 
and  methyl  acetate.  The  presence  of  the  slight  associ¬ 
ation  of  methyl  acetate  was  confirmed  by  inspecting 
the  vapor- pressure  curve  of  system  benzene-methyl 
acetate,  which  was  concave  towards  the  axis  of  compo¬ 
sition  [5]. 

The  results  of  calculating  the  bond  energy  are 
given  in  Tables  2  and  3  and  show  that  upon  mixing 
benzene  with  dibromoethane  and  benzene  with  methyl 
acetate,  the  bond  between  the  component  molecules 
weakens.  The  value  of  the  bond  energy  of  the  mole¬ 
cules  of  the  first  component  with  molecules  of  the  sec¬ 
ond  (Ej  2)  is  much  less  than  that  of  the  bond  energy  of 
the  pure  components.  The  dependence  of  the  bond 
energy  of  the  molecules  on  composition  is  expressed  by 
a  curve  with  a  minimum. 
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TABLE  4 


TABLE  5 


Molecular  Weight  of  Dibromoethane  in  Molecular  Weight  of  Methyl  Acetate  In 

Benzene  Benzene  (Benzene  taken  11.31  g) 
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79.0 

"Bond  energy -composition"  curves  that  pass  through  a  minimum  were  also  obtained  by  calculation  of  sys¬ 
tems  benzene -dichloroethane  and  benzene- iodobenzene  according  to  literature  data.  System  benzene-dichloro- 
ediane  was  studied  by  Kireev  and  Skvortsova  [6]  and  Faust  [7],  The  divergence  between  the  data  of  these  auth¬ 
ors  on  viscosity  and  density  values  results  in  disagreement  between  the  bond  energy  curves  but  in  both  cases  the 
dependence  of  bond  energy  on  composition  is  expressed  by  a  curve  with  a  sharp  minimum.  System  benzene- 
dichloroethane  forms  with  an  expansion.  According  to  Kireev's  data  [4],  the  expansion  is  0.243  cm®,  and  the 
heat  effect  is  -17.4  cal. 


For  calculation  of  the  bond  energy  of  the  molecules  of  system  benzene-iodobenzene,  viscosity  and  density 
data  from  tiie  work  of  Meyer  and  Mylius  [8]  were  used.  On  converting  density  to  molar  volumes,  we  obtained 
a  molar-volume  curve  which  was  convex  towards  the  axis  of  composition.  Consequently,  on  mixing  benzene 
with  iodobenzene,  expansion  takes  placel 

Thus;  in  systems  which  form  with  expansion  but  without  chemical  interaction,  the  "bond  energy -composi¬ 
tion"  diagram  shows  a  minimum  which  indicates  weakening  of  the  bond  between  component  molecules  upon 
mixing. 


SUMMARY 

1.  Systems  benzene- etiiylbenzene,  benzene -dibromoethane  and  benzene-methyl  acetate  were  studied  by 
the  viscosity-density  method. 

2.  The  molecular  weights  of  ethylbenzene,  dibromoediane  and  methyl  acetate  in  benzene  were  deter¬ 
mined  (cryosccpically). 

3.  Calculation  of  viscosity  for  the  studied  systems  was  according  to  Panchenkov’s  formula  and  the  calcu¬ 
lated  values  for  the  viscosity  agreed  well  with  the  experimental  data. 

4.  The  presence  of  a  minimum  on  the  "bond  energy-composition"  curve  characterizes  the  system  as  hav¬ 
ing  an  expansion  without  chemical  interaction  of  components. 

LITERATURE  CITED 

[1]  R.P.  Airapetova  and  R.I.  Filatova,  J.  Gen.  Chem.,  24,  799  (1954)(T.p.  801)*. 

[2]  G.M.  Panchenkov,  Theory  of  Viscosity  of  Liquids,  State  Tech,  Press  (1947). 

[3]  U-B.  T.,  n,  1314  (1931). 

[4]  V.A.  Kireev,  J.  Phys.  Chem„  10,  283(1937). 

•T.p.  =  C.B.  Translation  pagination. 


768 


[5]  L.  Schmidt,  Z.  phys.  Chem.,  121,  221  (1926). 

[6]  V.A.  Kireev  and  A.A.  Skvortsova,  J.  Phys.  Chem.,  7,  66  (1936). 

[7]  O.  Faust,  Z.  phys.  Chem.,  79,  97  (1912). 

[8]  J.  Meyer  and  B.  Mylius,  Z.  phys.  Chem.,  95,  349  (1920). 

Received  August  25,  1955  Central-Asia  State  University  and  All-Union 

Polytechnic  Correspondence  Institute 


769 


A  NEW  SYNTHESIS  OF  IMIDODISULFONAT  ES 


E.N.  Zilberman  and  M,M.  Smirnova 


Several  methods  are  known  for  the  preparation  of  imidodisulfonates:  the  reaction  of  ammonia  with  either 
sulfur  trioxide  or  with  chlorosulfonic  acid,  the  hydrolysis  of  the  nitrilotrisulfonate  [1],  and  the  pyrolysis  of 
ammonium  sulfamate  [2]  .  To  us  it  seemed  more  convenient  to  obtain  the  imidodisulfonates  from  the 
readily  available  hydroxylamine  monosulfonate  and  the  salts  of  sulfurous  acid.  In  order  for  these  substances  to 
react  with  each  other  and  form  the  imide,  it  is  necessary  that  the  salt  of  the  sulfurous  acid  have  an  unsymmetri- 
cal  structure.  According  to  much  data  [3,4],  the  bisulfites  possess  such  a  stmcture. 

/ONH4 

02S< 


In  addition,  in  studying  analogous  reactions,  Raschig  [3]  established  that  hydroxylamine  sulfate  eve*:  in  the  cold 
reacts  with  the  bisulfite  to  give  sulfamic  acid.  The  nitrilotrisulfonate  was  obtained  when  the  bisulfite  was  heated 
with  hydroxylamine  disulfonate  (I);  consequently,  to  synthesize  diammonium  imidodisulfonate  (II)  we  used  a 
neutral  solution  of  ammonium  hydroxylamine-O-sulfonate(III)  and  ammonium  bisulfite: 

/SOnNHi 

HOHNSO3NH4  ■+■  NH4HSO3  HN<  -t-  HgO. 

\SO3NH4 

(III)  (II) 


The  hydroxylamine  monosulfonate  used  in  this  reaction  was  prepared  under  some  modification  of  the  Ras¬ 
chig  method  [3]  via  the  hydroxylamine  disulfonate  (I)  from  sodium  nitrite,  ammonium  bisulfite  and  sulfur  diox¬ 
ide.  The  imidodisulfonate  (II)  was  prepared  at  a  temperature  of  45-50*,  where  the  reaction  proceeded  quite  rap¬ 
idly,  The  yield  of  the  imidodisulfonate  was  50-657o  (when  calculated  on  the  basis  of  III).  To  prove  its  structure 
the  obtained  substance  was  subjected  to  hydrolysis  in  the  presence  of  H2SO4,  both  in  the  cold  and  under  heating. 
Ammonium  sulfamate  and  ammonium  sulfate  were  respectively  obtained.  The  treatment  of  (II)  with  excess  am¬ 
monia  [5]  gave  the  monohydrate  of  triammonium  imidodisulfonate. 

In  the  present  study  we  also  showed  considerable  simplification  of  the  elaborate  method  [5]  for  the  prepa¬ 
ration  of  sulfamic  acid  from  hydroxylamine  and  sulfur  dioxide.  Reaction  between  the  components  of  this  reac¬ 
tion  proceeds  slowly,  and  in  addition,  the  use  of  pressure  is  necessary  to  obtain  a  satisfactory  yield  of  the  sulfamic 
acid.  This  apparently  is  explained  by  the  structure  of  sulfurous  acid  [31  unfavorable  for  the  given  reaction.  In 
order  to  have  the  reaction  run  rapidly  and  at  atmospheric  pressure,  we  replaced  the  sulfur  dioxide  by  ammonium 
bisulfite.  As  was  indicated,  the  reaction  between  hydroxylamine  and  the  bisulfite  had  already  been  studied  by 
Raschig,  but  he  failed  to  utilize  this  reaction  as  a  method  for  the  preparation  of  sulfamic  acid,  and  only  limited 
himself  to  its  analytical  determination  in  solution.  We  added  concentrated  H2SO4  to  the  reaction  product  from  hy¬ 
droxylamine  sulfate  and  ammonium  bisulfite,  which  liberated  the  sulfamic  acid  from  its  aqueous  ammonium  salt 
solution  and  at  the  same  time  lowered  the  sulfamic  acid  solubility  [6]  in  water.  As  the  result  of  numerous  exper¬ 
iments  we  established  the  optimum  amount  of  added  sulfuric  acid,  assuring  the  precipitation  of  pure  sulfamic  a  id" 
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from  the  solution,  and  not  of  its  mixture  with  either  the  bisulfite  or  the  binary  salt  (NH4)2S04*  H0S02NH2  [7]; 
here  we  obtained  sulfamic  acid  in  Bb-lQPjo  yield,  based  on  hydroxylamine  sulfate. 

EXPERIMENTAL 

Diammonium  salt  of  imidodisulfonic  acid  (II).  To  an  aqueous  solution  of  NaNC^  (concentration  145  g/liter) 
an  equimolecular  quantity  of  an  aqueous  solution  of  NH4HSO3  (concentration  830  g/liter)  was  added  with  stirring 
and  then  SO2  was  passed  until  a  slightly  acid  reaction  was  obtained  on  methyl  orange.  The  temperature  was  held 
in  the  range  0  +  2*.  The  resulting  solution  of  the  sodium -ammonium  salt  of  hydroxylaminodisulfonic  acid  (I) 
was  set  aside  at  room  temperature  for  24  hours.  Due  to  hydrolysis  of  (I)  the  resulting  solution  contained  225  g/liter 
hydroxylamine  monosulfonate  (calculated  on  the  ammonium  salt).  To  establish  the  concentration  of  (III)  it  was 
hydrolyzed,  by  boiling  with  1^804,  to  hydroxylamine,  which  was  determined  according  to  Raschig  [8],  1.5  liter 
solution  of  hydroxylamine  monosulfonate  (III)  with  an  acidity  of  83.3  g/liter  (calculated  on  H2SO4)  was  neutral¬ 
ized  by  ammonia  at  a  temperature  which  did  not  exceed  +3*.  After  neutralization,  the  solution  was  steamed  down 
(during  this  the  medium  was  kept  slightly  alkaline  by  addition  of  ammonia)  and  the  precipitate  which  came  down 
was  filtered  off.  This  operation  was  repeated  three  times.  The  precipitates  weighed  203,  134  and  31  g;  sodium 
sulfate  predominated  in  the  first  of  them  and  in  the  last  -  ammonium  sulfate.  Yield  353  g  of  viscous  syrup  (dj® 
1.62X  which  contained  62<7o  ammonium  hydrokylamine-Osulfonate  (III). 

27.5  g  of  (III)  was  run  with  stirring  into  15  ml  of  61%  aqueous  NH4HSO3  solution;  the  temperature  was  main¬ 
tained  in  the  range  45-50*  by  cooling.  After  30  minutes,  the  temperature  fell  to  room  temperature,  at  which  tem¬ 
perature  stirring  was  continued  for  2  hours.  The  white  precipitate  which  came  down  was  filtered  off  and  washed 
with  12  ml  90%  aqueous  methanol  and  20  ml  ether.  The  weight  of  purified  imidodisulfonate  (II)  was  14.4  g  (52% 
calculated  on  III). 

Found  %:  N  (total)  19.9;  N  (ammonium  [9])  13.3;  8  30.21,30.42.  S2H9O5N3.  Calculated  %:  N  (total) 
19.89;  N  (ammonium)  13.26;  8  30.32. 

10  g  of  thediammoniuin  salt  of  imidodisulfonic  acid  (II)  was  dissolved  in  20  ml  water  and  at  a  temperature 
not  above  50*  18  ml  concentrated  H28O4  was  added.  After  24  hours  of  standing  at  room  temperature,  the  precipi¬ 
tate  that  came  down  was  separated  and  washed  with  methanol. 

Found '7f:  N  (total)  14.3;  N  (ammonium)  0.2  •  8H3O3N.  Calculated  7:  N  (total)  14.42;  N  (ammonium)  0. 

The  obtained  amidosulfonic  acid  had  m.p.  204*;  a  mixed  sample  was  undepressed.  Treatment  of  (II)  with 
ammonia  yielded  the  monohydrate  of  the  triammonium  salt,  analogous  in  properties  to  the  compound  described 
in  the  literature  [5]. 

8ulfamic  acid.  Into  a  flask  fitted  with  stirrer  was  run  30  ml  commercial  NH4H8O3  solution  with  a  concen¬ 
tration  of  830.7  g/liter.  To  this  on  stirring,  was  added  10  g  hydroxylamine  sulfate  in  small  portions  in  die  course 
of  40  minutes;  during  diis  the  temperature  was  held  at  15-25'’.  After  30  minutes  had  elapsed,  15.5  ml  concentra¬ 
ted  H28O4  (dj®  1.831)  was  run  into  the  contents  of  the  flask  upon  cooling.  The  white  precipitate  which  came  down 
was  filtered  off.  Yield  7.7  g  sulfamic  acid  (657oon  hydroxylamine).  The  impure  product  contained  0.787o  am¬ 
monium  nitrogen.  After  recrystallization  from  water  [5],  sulfamic  acid  contained  no  ammonium  nitrogen  and 
had  m.p.  206*. 


5UMM  ARY 

1.  A  method  was  developed  for  the  preparation  of  the  imidodisulfonate  from  the  hydroxylamine  monosulfon- 

aie. 

2.  The  method  for  the  preparation  of  sulfamic  acid  from  hydroxylamine  sulfate  was  improved. 
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SOME  ESTERS  OF  B  UT  A  NE  A  RS  ON  OUS  ACID 


K.  I.  Kuzmin 


The  esters  of  alkanearsonous  acids  are  slightly  studied  compounds.  All  of  the  information  on  them  is 
limited  to  the  work  of  Ya.  F.  Komissarov  and  ccworkers  [1],  where  the  boiling  points  and  densities  of  five  esters 
of  methanearsonous  and  ethanearsonous  acids  are  given.  In  the  meantime  a  study  of  the  properties  of  the  esters 
of  alkanearsonous  and  dialkanearsonous  acids  can  reveal  rules  in  property  changes  when  going  from 

the  neutral  esters  of  arsenious  acid  to  the  tertiary  arsines. 

The  purpose  of  the  present  study  was  to  synthesize  and  study  the  properties  of  some  esters  of  n-butanearsonous 
acid.  The  esters  were  synthesized  by  heating  n-butylarsine  oxide  with  the  proper  alcohol  in  the  presence  of  an¬ 
hydrous  copper  sulfate  by  the  reaction: 


C4H9AsO 2ROH  -►  C4H9As(0R)2-t-H20. 


As  the  result  of  this  work  we  synthesized  five  esters  of  n-butanearsonous  acid,  measured  their  molecular 
refraction  for  the  D  line  and  calculated  the  atomic  refraction  of  arsenic,  on  the  average  equal  to  10.42.  The 
physicochemical  constants  of  the  esters  are  given  in  Table  1.  The  esters  are  readily  hydrolyzed  by  moist  air, 

TABLE  1 


Ester  of  the  butanear- 
sonous  acid 

Boiling  point 
(pressure  in  mm) 

rff* 

fO 

MRd 

Atorqic  re¬ 
fraction  of 

As 

Methyl 

65-67°  (15) 

1.1869 

1.4555 

44.39 

10.1 

Ethyl 

81—83  (15) 

1.1072 

14495 

53.86 

10.33 

n-Propyl 

104-106  (12.5) 

1.0617 

1.4515 

63.51 

10.74 

n-Butyl 

132—134  (14) 

10389 

1.4540 

72.46 

10.46 

n- Octyl 

193-195  (6) 

0.9777 

1.4603 

109.43 

10.48 

and  show  rapid  oxidation  with  the  formation  of  crystalline  compounds.  An  attempt  to  prepare  the  esters  of  n- 
butanethioarsonous  acid  by  the  addition  of  sulfur  to  the  esters  of  n-butanearsonous  acid  ended  in  failure:  sulfur 
was  not  added  when  the  esters  of  n-butanearsonous  acid  were  reacted  directly. 

To  study  the  arrangement  of  the  hydrocarbon  chains  in  the  esters  of  n-butanearsonous  acid  we  determined 
the  parachors  of  the  n-propyl  and  n-butyl  esters.  A  comparison  of  the  experimentally  found  parachors  with  those 
theoretically  calculated  by  the  Gibling  method  [2]  for  the  two  possible  structure  variations  revealed  that  the  long 
ester  chains  in  the  esters  of  n-butanearsonous  acid  are  arranged  parallel  to  each  other.  However,  a  conclusive 
answer  to  the  problem  of  the  structure  of  the  esters  of  n-butanearsonous  acid  requires  much  additional  data. 
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EXPERIMENTA  L 


The  initial  butylarsine  oxide  was  a  viscous  liquid  with  b.  p.  177-178*  at  1.5  mm  and  d*J  1.1170. 

For  synthesis  of  n-butanear$onous  acid  esters,  in  a  8 -necked  flask  fitted  with  reflux  condenser,  through  a 
short  adapter  with  an  inserted  cartridge  of  filter  paper  and  anhydrous  copper  sulfate,  was  placed  the  butylarsine 
oxide  and  into  this  was  run  a  large  excess  (3-5  fold  quantity)  of  the  corresponding  alcohol.  In  the  case  of  the 
methyl  and  ethyl  esters,  the  copper  sulfate  was  placed  directly  in  the  reaction  flask.  The  mixture  was  then 
heated  to  the  boil  for  2  hours  and  then  the  alcohol  excess  was  driven  off  and  the  residue  was  vacuum-distilled. 
All  the  synthesis  and  distillation  operations  were  carried  out  in  a  CO^  atmosphere. 

The  surface  tension  was  determined  by  the  method  of  the  greatest  bubble  pressure.  Surface  tension  values, 
yields  and  analytical  data  on  the  syitthesized  n-butylarsinic  acid  esters  are  given  in  Table  2. 

TABLE  2 


Compound 

Yield 
(in  lo) 

Content  As  1 
(in  %)  1 

m 

Parachor 

•o 

c 

o 

o 

u. 

3  a) 

■V  -C,H.A«(OCH^ . 

40.3 

38.46 

38.60 

n  .C,H.A.(OC,H.), . 

37.1 

33.56 

33.72 

— 

— 

1  .-C,H,Ai(Or>.-C,H,),  .  .  . 

64.4 

29.65 

29.^ 

26.1 

532.6 

•*  .-C,H,At(0.-C,H,),  ... 

76.6 

26.86 

26.92 

— 

— 

1  •~C4H9As(OY).^aH|7)t  .  *  • 

86.2 

19.10 

19.19 

28.8 

925.1 

SUMMARY 

Five  esters  of  n-butanearsonous  acid  (methyl,  ethyl,  n-propyl,  n-butyl  and  n-octyl)  have  been  described 
for  the  first  time. 
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SYNTHESIS  OF  SOME  MERCAPTANS  AND  DISULFIDES  LABELED 


WITH  RADIOACTIVE  SULFUR  ISOTOPE 
V  i .  N;  .  V  4-si  lye  va  and  E.  N.  Guryanova- 


The  methods  used  to  introduce  the  radioactive  sulfur  isotope  S**  into  the  molecules  of  organic  compounds 
can  vary  and  are  essentially  determined  by  the  composition  and  structure  of  the  substances  being  synthesized. 

In  a  number  of  cases  the  radioactive  sulfur  isotope  can  be  introduced  into  the  molecule  by  the  method  of  iso¬ 
topic  exchange  between  the  corresponding  substance  and  elementary  radioactive  sulfur.  This  method  was  used 
to  obtain  labeled  thiourea  (NH2)2CS*  [1],  sodium  diethyldithiocarbamate  (CjHsljN  — CS  *  —  SNa  [1],  2-mercap- 
tobenzothiazole,  labeled  in  the  mercapto  group  [1,  2], 


C8H4<^  ^C-S*N 


tetramethylthiuram  disulfide,  labeled  in  all  four  sulfur  atoms  (CH3)2N— C  *  S— S*  — S  •— CS*  — N(CH3)2  [3],  and 
others.  However,  many  sulfur  compounds  fail  to  enter  into  exchange  reaction  with  elementary  sulfur,  or  together 
with  the  exchange  reaction,  there  proceed  various  side  reactions,  making  substance  purification  difficult,  etc.; 
consequently,  the  labeled  atom  is  introduced  into  various  compounds  by  chemical  synthesis. 

Comparatively  much  work  has  been  published  in  the  literature  on  the  synthesis  of  S*®  labeled  compounds.  * 
Having  studied  the  influence  of  molecular  structure  on  the  mobility  of  sulfur  atoms  by  the  method  of  labeled 
atoms,  we  synthesized  a  number  of  mercaptans  and  disulfides  containing  the  radioactive  sulfur  isotope. 

Some  of  the  labeled  mercaptans,  monosulfides  and  disulfides  could  be  synthesized  by  making  use  of  the 
mobility  of  the  halogen  atom  in  the  proper  organic  compound  and  running  the  reaction  between  this  substance  and 
the  proper  alkali  metal  sulfur  compound  labeled  with  isotopic  sulfur,  i.e,,  the  S*®-labeled  compound  could  be  ob¬ 
tained  by  one  of  the  following  reactions; 


RX  MeSH  RSH  -4-  MeX. 
2RX-f-Me2S  -♦  RSR-4-2MeX, 

2RX  -H  Me2S2  -*•  RS  —  SR  -4-  2MeX, 


•  See,  for  example,  the  survey  by  S.  L.  Thomas,  H.  S.  Turner  in  Quart.  Rev.,  407  (1953). 
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where  RX  designates  the  halogen  compound,  and  Me  the  monovalent  metal  (sodium,  potassium,  ammonium). 

We  made  use  of  the  ability  for  replacement  of  a  halogen  atom  by  either  the  sulfhydryl,  sulfide  or 
disulfide  group  to  synthesize  S*®-labeled  compounds  containing  alkyl,  p-nitrophenyl  and  benzothiazolyl  [4] 
radicals. 

For  most  aromatic  compounds  the  halogen  atom  linked  to  the  aromatic  nucleus  is  inert,  and  con¬ 
sequently  the  above  reactions  cannot  be  used  to  synthesize  S*®-labeled  aromatic  compounds.  Introduction  of 
isotopic  sulfur  into  aromatic  mercaptans  and  disulfides  can  be  realized  through  the  organomagnesium  compounds, 
and  abo  through  diazo  compounds.  We  made  use  of  these  methods  to  obtain  labeled  compounds  containing 
the  phenyl,  tolyl ,  methoxyphenyl  and  biphenyl  radicals. 

In  the  present  study  we  failed  to  pursue  the  goal  of  obtaining  preparations  with  a  high  specific  activity, 
for  which  reason  we  ran  the  syntheses  not  on  a  micro  scale,  as  is  frequently  done  for  the  synthesis  of  radio¬ 
active  compounds,  but  instead  we  prepared  the  radioactive  substances  in  comparatively  large  amounts  (of  the 
order  of  tens  of  grams)  with  a  total  activity  of  1-5  mCu.  In  principle  the  method  for  obtaining  preparations 
with  a  greater  specific  activity  may  not  differ  from  the  method  used  by  us;  if  mote  active  compounds  are  de¬ 
sired  it  is  necessary  to  operate  with  smaller  amounts  of  substances  and  to  take  starting  sulfur  compounds  with 
a  greater  specific  activity.  For  our  study  of  the  isotopic  exchange  reaction  we  needed  preparations  showing 
comparatively  low  specific  activity  (pCu),  for  which  reason  we  at  times  diluted  the  radioactive  preparations 
obtained  in  our  synthesb  with  the  corresponding  unlabeled  substance. 

To  determine  the  activity  of  the  sulfur  in  our  synthesized  preparations  the  latter  were  oxidized  by  the 
Carius  method,  and  the  S*OJ  was  precipitated  with  benzidine  hydrochloride.  The  syntheses  of  a  number  of 
labeled  mercaptans  and  disulfides  are  described  below,  A  summary  of  the  syntheses  is  given  in  the  t  able. 

EXPERIMENTA  L 

n-Butylmercaptan-S*^  was  synthesized  from  n-butyl  bromide  and  radioactive  sodium  hydrosulfide. 
Metallic  sodium  (5  g)  was  dissolved  in  ethyl  alcohol  (100  ml)  and  the  solution  was  saturated  with  hydrogen 
sulfide  until  formation  of  sodium  hydrosulfide.  Radioactive  sulfur  was  introduced  into  solution  either  in  the 
form  of  hydrogen  sulfide  or  in  the  form  of  elementary  sulfur.  In  the  first  case,  a  portion  (~  10  ml)  of  the  solu¬ 
tion  of  metallic  sodium  in  alcohol  was  saturated  with  radioactive  hydrogen  sulfide  and  this  portion  was  then 
added  to  the  main  NaSH  solution.  In  the  second  case,  to  the  alcoholic  sodium  solution  was  added  a  small 
amount  (0.01-0.005  g)  of  elementary  sulfur  S*®  with  a  total  activity  of  1-2  m  Cu  and  ordinary  hydrogen  sulfide 
was  passed  through  the  solution.  As  sodium  sulfide  formed,  the  radioactive  sulfur  dissolved.  When  solution  went 
slowly,  the  solution  was  heated  on  a  water  bath  and  after  solution  of  the  sulfur,  into  the  cooled  solution  was 
passed  hydrogen  sulfide  until  NaSH  formed.  Thus,  a  solution  of  radioactive  sodium  hydrosulfide  in  alcohol  was 
obtained. 

All  operations  in  the  preparation  of  radioactive  sodium  hydrosulfide  were  carried  out  in  an  atmosphere  of 
dry  nitrogen.  30  g  n-butyl  bromide  was  carefully  added  to  a  solution  of  Na  *SH  in  alcohol  in  a  flask  fitted 
with  reflux  condenser  and  dropping  funnel;  toward  completion  of  the  reaction,  the  whole  mass  was  heated  on  a 
water  bath  for  2-3  hours.  On  cooling,  the  reaction  mixture  was  poured  in  water,  the  precipitate  of  sodium 
bromide  dissolved  and  the  butylmercaptan  separated  out  as  an  oil.  The  oil  was  extracted  with  ether,  the  ethe¬ 
real  layer  was  separated  off,  dried  with  fused  calcium  chloride  and  after  driving  off  the  ether,  the  product  was 
distilled.  The  fraction  was  collected  with  b.  p.  98*. 

The  yield  was  80-90*70.  The  activity  of  the  butylmercaptan  was  determined  by  the  activity  of  initial 
sulfur  or  of  hydrogen  sulfide,  discounting  the  dilution  with  unlabeled  hydrogen  sulfide. 

Benzylmercaptan-  was  synthesized  from  benzyl  chloride  and  radioactive  sodium  hydrosulfide  by  a 
method  similar  to  the  above.  The  oily  benzylmercaptan  which  separated  out  was  extracted  from  the  reaction 
mixture  with  ether  and  after  drying  the  solution  with  calcined  sodium  sulfate  and  driving  off  the  ether,  it  was 
distilled. 

This  method  of  synthesis  is  probably  applicable  to  the  preparation  of  labeled  mercaptans  with  any  desired 
alkyl  groups. 
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Syntheses  of  S®®-labeled  compounds 


p-ThiocresoI-S^  was  syntliesized  by  the  reaction  between  p-tolylmagncsium  bromide  and  elementary 
radioactive  sulfur. 


The  method  of  synthesis  was  similar  to  the  method  of  synthesis  of  labeled  thiocresol  as  described  in  litera¬ 
ture  [5], 


A  Grignard  reagent  was  prepared  from  p-bromotoluene  (53  g)  and  magnesium  filings  (7.5  g)  in  absolute 
ether.  Finely  pulverized  radioactive  elementary  sulfur  (10  g)  with  a  total  activity  of  2-3  m  Cu  was  suspended 
in  the  dry  etlier  and  into  this  suspension  the  Grignard  reagent  was  slowly  run  through  the  dropping  funnel  with 

stirring.  The  reaction  mass  was  then  heated 


Apparatus  for  preparing  radioactive  sodium  trithiocarbonate, 
carbon  bisulfide  and  potassium  ethylxanthate. 

Explanation  in  text. 


for  2  hours  on  a  water  bath.  On  cooling,  the 
resulting  complex  was  decomposed  with  cooled 
dilute  hydrochloric  acid  (1:  7)  with  strong  cool¬ 
ing  of  the  reaction  mixture  (ice  with  salt)  and 
vigorous  stirring.  Upon  decomposition  of  the 
complex,  side  by  side  with  formation  of  thic- 
cresol  there  separated  out  radioactive  hydrogen 
sulfide  which  was  removed  by  a  stream  of  nitro¬ 
gen  and  absorbed  by  alkali.  The  prepared 
thiocresol  was  extracted  from  the  reaction  mix¬ 
ture  with  ether.  The  ethereal  extract  was  treated 
with  107o  alkali  solution  and  from  this  alkaline 
solution  thiocresol  was  separated  out  with  acid 
and  again  extracted  with  ether.  After  drying 
the  ethereal  fraction  and  driving  off  the  ether, 
thiocresol  was  vacuum -distilled,  b.  p.  77* 

(10  mm),  m.  p.  43*.  Yield  of  labeled  thiocre¬ 
sol  was  20-25%. 


Together  with  thiocresol  in  this  synthesis 
there  formed  labeled  ditolyl  disulfide,  which 
remained  in  ethereal  solution  after  treatment  of  the  latter  with  alkali.  Labeled  ditolyl  disulfide,  m.  p.  46*,  was 
obtained  by  recrystallization  of  the  product  which  remained  after  the  ether  was  steamed  off. 


p-Methoxythiophenol-S*^  .  On  the  basis  of  the  synthesis  of  labeled  methoxythiophenyl  a  general  reaction 
was  formulated  for  the  synthesis  of  aromatic  mercaptans  through  diazo  compounds  [6].  The  synthesis  was  carried 
out  in  several  stages  and  involved  the  preparation  of  a  number  of  S*®-labeled  compounds:  sodium  trithiocarbonate, 
carbon  bisulfide  and  potassium  ethylxanthate.  Radioactive  sodium  trithiocarbonate,  carbon  bisulfide  and  potas¬ 
sium  ethylxanthate  were  prepared  in  the  apparatus  depicted  in  the  illustration.  In  the  apparatus  a  nitrogen  at¬ 
mosphere  was  created  and  in  Vessel  1  was  introduced  a  solution  of  NajS  •  gHjO  (7.5  g)  in  alcohol  (10  ml)  and  a 
small  quantity  (  ~  0.001  g)  of  radioactive  crystalline  sulfur  with  an  activity  of  1-2  m  Cu.  The  apparatus  was 
sealed  and  the  solution  was  set  aside  overnight;  the  sulfur  dissolved.  Into  the  solution  of  radioactive  sodium  sul¬ 
fide  in  Vessel  1  was  then  run  carbon  bisulfide  (2.5  g),  and  sodium  trithiocarbonate  Na2C  *83  was  obtained.  In 
special  experiments  (carried  out  in  conjunction  with  L.  Bam),  we  established  that  the  sulfur  atoms  in  sodium 
trithiocarbonate,  prepared  from  radioactive  sodium  sulfide  and  carbon  bisulfide,  are  equivalent.  On  decomposi¬ 
tion  of  radioactive  sodium  trithiocarbonate  (separated  out  as  lustrous  yellow  crystals)  with  acid,  hydrogen  sulfide 
and  carbon  bisulfide  formed: 


Na2CS3-»-2HCI  ->  H2S-i-CS2-t-2NaCI, 


in  which  hydrogen  sulfide  contained  V3  and  carbon  bisulfide */3  of  the  radioactive  isotope  of  the  initial  sodium 
sulfide. 

In  carrying  out  the  given  synthesis,  sodium  trithiocarbonate  did  not  separate  out  but  decomposed  in  hydro¬ 
chloric  acid  solution.  The  hydrogen  sulfide  which  separated  out  was  removed  from  Vessel  1  by  nitrogen  and 
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absorbed  in  Traps  2  and  3  by  a  saturated  solution  of  cadmium  acetate.  Radioactive  carbon  bisulfide,  obtained 
on  decomposing  sodium  trithiocarbonate,  was  collected  by  a  solution  of  potassium  ethylate  in  alcohol  (Vessel  4). 
The  potassium  ethylate  solution  was  prepared  by  solution  of  metallic  potassium  (1.25  g)  in  ethyl  alcohol  (100  ml). 
For  completeness  of  evolution  of  carbon  bisulfide.  Vessels  1,  2  and  3  were  placed  in  a  water  bath  and  heated  to 
60*.  The  radioactive  potassium  ethylxanthate  which  formed  in  Vessel  4  was  diluted  with  the  unlabeled  product 
(5-10  g)  precipitated  from  alcoholic  solution  with  ether,  filtered  off,  washed  with  ether,  dried  in  a  vacuum -de¬ 
siccator  and  was  then  used  further  for  the  synthesis  of  labeled  p-methoxythiophenol.  All  synthetic  and  separation 
operations  for  potassium  ethylxanthogenate  were  carried  out  in  an  atmosphere  of  nitrogen.  Labeled  p-methoxy¬ 
thiophenol  was  prepared  in  the  following  manner.  A  solution  of  labeled  potassium  ethylxanthate  (50  g)  in  water 
(120  ml)  was  placed  in  a  round -bottomed  flask  fitted  with  stirrer,  dropping  funnel  and  outlet  tube.  The  ratio  of 
lebeled  and  unlabeled  potassium  ethylxanthate  may  be  varied,  depending  on  what  activity  the  preparation  re¬ 
quires  for  the  further  work.  The  solution  was  heated  to  70-75*  and  into  this  was  slowly  run  drop-wise  a  solution 
of  diazo-p-anisidine  hydrochloride,  prepared  from  20.5  g  p-anisidine;  abundant  evolution  of  nitrogen  took  place. 
After  this,  the  whole  mass  was  heated  on  a  water  bath  for  2  hours.  The  dark  oil  which  separated  out  on  cooling 
was  mainly  ethylxanthogenic  acid  p-methoxyphenyl  ester,  which  was  separated  off  and  immediately  treated  with 
an  alcoholic  solution  of  caustic  potash  (19  g  in  500  ml)  at  80-90*  for  2  hours.  The  main  reaction  which  took 
place  was: 


_  *  *  KOH  *  I  * 

C2H5O-CS— S— CgHiOCHa >  CH3OC0H4SK  -f-  COS  -1-C2H5OH. 


Together  with  formation  of  labeled  potassium  mercaptide  there  evolved  radioactive  carbonyl  sulfide.  ,  In 
this  connection,  the  decomposition  reaction  of  the  ester  was  carried  out  in  a  sealed  apparatus  with  removal  and 
absorption  of  carbon)’!  sulfide  with  alcoholic  KOH  solution. 

After  the  main  bulk  of  alcohol  had  been  driven  off,  into  the  reaction  mixture  was  run  dilute  sulfuric  acid 
(1:7)  until  an  acid  reaction  was  obtained  with  Cbngo  red;  the  resulting  mercaptan  was  separated  off  and  steam- 
distilled.  For  prevention  of  oxidation  of  the  mercaptan  to  the  disulfide,  sulfuric  acid  (1:7)  and  about  10  g  of 
zinc  dust  were  added  to  the  distillation  flask.  The  distillate  was  extracted  with  ether,  the  ethereal  extract  was 
dried  with  fused  calcium  chloride  and  after  the  ether  had  been  driven  off,  the  remaining  p-methoxythiophenol 
was  vacuum-distilled.  The  fraction  was  collected  which  had  b,  p.  89-90*  (4-5  mm).  The  yield  was  about  10°Jo, 

p-Biphenylmercaptan-S^^  was  prepared  via  the  diazo  compound  and  the  biphenyl  ester  of  labeled  ethyl¬ 
xanthogenic  acid  was  prepared  similarly  to  the  synthesis  of  labeled  p-methoxythiophenol.  The  diazo  compound, 
prepared  from  p-biphenylamine  (30  g),  reacted  with  the  labeled  potassium  ethylxanthate  (53  g)  under  the  above - 
described  conditions.  Ethylxanthic  acid  biphenyl  ester  ,  C2H5O— CS*-S  •— C6H4CgH5  ,  obtained  as  a  dark  oil,  was 
separated  from  the  reaction  mixture  and  immediately  treated  with  an  alcoholic  solution  of  alkali  (20  g  KOH  in 
500  ml  alcohol)  under  the  same  conditions  as  in  the  case  of  p-methoxyphenyl  ester. 

The  precipitate  which  remained  after  the  alcohol  was  driven  off  was  mainly  biphenyl  disulfide.  To  this 
precipitate  was  added  dilute  sulfuric  acid  (1:7)  and  zinc  dust  (10-15  g);  the  whole  mass  was  boiled  for  2-3  hours 
under  reflux  and  then  was  steam -distilled.  The  steam -distilled  biphenylmercaptan-S*®  congealed  in  the  form  of 
lustrous  white  flakes  which  were  filtered  off,  recrystallized  2  times  from  alcohol  and  dried  in  a  vacuum -desiccator 
over  calcium  chloride.  The  resulting  product  had  m.  p.  109*.  Yield  ~  70*70. 

Diethyl  disulfide  was  synthesized  from  ethyl  iodide  and  radioactive  sodium  disulfide.  Metallic  sc- 
dium  (5.8  g)  was  dissolved  in  ethyl  alcohol  (100  ml)  and  the  solution  was  divided  into  two  equal  portions  in  volume. 
One  portion  was  saturated  with  hydrogen  sulfide  until  NaSH  formed.  The  excess  of  hydrogen  sulfide  was  removed 
by  nitrogen.  To  this  solution  was  added  a  second  portion  of  sodium  solution  in  alcohol  and  sodium  sulfide  formed. 
To  the  sodium  sulfide  in  the  flask  fitted  with  reflux  condenser  was  added  crystalline  radioactive  sulfur  (4  g)  with 
a  total  activity  of  1-3  m  Cu  and  the  whole  mixture  was  heated  on  a  water  bath  for  3-5  hours  until  complete 
solution  of  sulfur.  All  operations  in  the  preparation  of  sodium  disulfide,  including  the  last  stage,  were  carried 
out  in  a  nitrogen  atmosphere.  39.3  g  ethyl  iodide  was  carefully  added  with  stirring  to  the  cooled  solution  of 
radioactive  sodium  disulfide  and  the  whole  mass  was  heated  for  1-2  hours  on  a  water  bath.  On  cooling,  the  reac¬ 
tion  mixture  was  poured  in  water  (  ~1  liter);  diethyl  disulfide  separated  out  in  the  form  of  an  oil;  it  was  extracted 
with  ether;  the  ethereal  extract  was  dried  with  calcium  chloride  and  after  the  ether  was  driven  off,; the  product 
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was  vacuum -distilled;  b.  p.  47.5-48*  (10  mm),  1,50687. 

The  specific  activity  of  the  obtained  diethyl  disulfide  was  half  the  specific  activity  of  the  initial  sulfur. 

n-Dibutyl  disulflde-S*^  was  synthesized  from  n-butyl  bromide  and  radioactive  sodium  disulfide  in  the 
same  manner  as  diethyl  disulfide.  The  product  was  purified  by  distillation  with  collection  of  the  fraction 
228-229*.  The  yield  was  almost  quantitative. 

Dibenzyl  disulfide was  synthesized  from  benzyl  chloride  and  radioactive  sodium  disulfide  according 
to  a  method  similar  to  the  synthesis  of  diethyl  disulfide.  After  pouring  the  reaction  mass  in  water,  the  product 
separated  out  as  white  lustrous  crystals  which  were  filtered  off  and  recrystallized  twice  from  alcohol  to  con¬ 
stant  m.  p.  77*.  Yield  ~  SO^o.  The  specific  activity  of  the  sulfur  in  the  product  was  equal  to  half  of  the  speci¬ 
fic  activity  of  the  initial  sulfur. 

p,  p*-Dinitrodiphenyl  disulfide-S*^  was  previously  described  in  the  literature  [7].  We  synthesized  di- 
nitrodiphenyl  disulfide  from  p-chloronitrobenzene  and  radioactive  sodium  disulfide  by  a  method  similar  to 
that  previously  described.  The  product  separated  out  as  a  mixture  of  three  crystalline  forms.  For  our  work  we 
separated  the  form  with  m.  p.  179*.  Yield  40-50*70. 

Diphenyl  disulfide was  synthesized  from  bromobenzene  and  radioactive  sulfur  monochloride  via  the 
organomagnesium  compound  [5].  On  reacting  bromobenzene  (60  g)  with  magnesium  filings  (9  g)  in  absolute 
ether  (100  ml),  we  prepared  phenylmagnesium  bromide.  Into  the  resulting  solution  of  this  compound  with 
stirring  and  cooling  was  run  a  solution  of  radioactive  sulfur  monochloride  (26.5  g)  in  ether  (35  ml).  The  radio¬ 
active  sulfur  monochloride  was  prepared  by  the  exchange  reaction  of  SjClj  with  radioactive  elementary  sulfur. 
For  this  purpose,  to  the  SjClj  was  added  a  small  amount  (0.01-0.05  g)  of  sulfur  with  an  activity  of  1-3  m  Cu; 
the  mixture  was  set  aside  overnight  and  then  distilled,  the  fraction  being  collected  with  b.  p.  137-138*.  After 
addition  of  S*2Cl2  to  the  organomagnesium  compound,  the  resulting  complex  was  decomposed  in  the  cold  with 
ice  water  and  acidified  with  hydrochloric  acid.  The  diphenyl  disulfide  which  formed  together  with  other  pro¬ 
ducts  was  extracted  with  ether,  the  ethereal  extract  was  dried  with  fused  calcium  chloride  and  after  driving 
off  the  ether,  it  was  vacuum -distilled.  The  fraction  collected  had  b.  p,  190-195*  (10  mm).  After  recrystalli¬ 
zation  from  alcohol,  the  labeled  diphenyl  disulfide  with  m.  p.  60.5*  was  obtained.  Yield  ~  30*70. 

Together  with  diphenyl  disulfide,  this  synthesis  yielded  labeled  diphenyl  monosulfide,  which  distilled 
off  in  vacuum  before  the  disulfide. 

Di-p-tolyl  disulfide-S*^  was  prepared  by  oxidizing  the  labeled  thiocresol  with  potassium  ferricyanide 
[8].  Thiocresol-S  (12.5  g)  prepared  previously,  was  dissolved  in  alkali  (20*7o):  the  solution  was  heated  and 
into  it  was  run  a  hot  solution  (41  g)  of  potassium  ferricyanide  in  water  (60  ml);  ditolyl  disulfide  separated  out. 
On  cooling,  the  product  was  filtered  off,  dried  in  a  vacuum -desiccator  over  calcium  chloride,  dissolved  in 
benzene,  and  the  benzene  solution  was  treated  with  caustic  soda  solution  (5*7o)  to  remove  possibly  admixed 
thiocresol.  After  evaporation  of  benzene  in  the  cold,  ditolyl  disulfide  was  recrystallized  twice  from  methyl 
alcohol  to  constant  m.  p.  46*. 

Di-p-methoxydiphenyl  disulfide-S^^  was  prepared  by  oxidation  of  labeled  p-methoxythiophenol  with 
potassium  ferricyanide.  For  this  purpose,  methoxythiophenol-S*®,  synthesized  previously  (22  g),  was  dissolved  in 
20*7<»  alkali  solution  and  to  the  warmed  solution  was  added  a  hot  solution  of  potassium  ferricyanide  (95  g)  in 
water  (150  ml).  After  mixing,  the  reaction  mass  was  heated  for  10-15  minutes  more  and  after  cooling,  the 
white  crystals  of  p-methoxydiphenyl  disulfide-S*®  which  separated  out  were  filtered  off  and  recrystallized  from 
ethyl  alcohol;  m.  p.  44*. 

Di-p-biphenyl  disulfide-S*^  was  synthesized  by  oxidation  of  labeled  biphenylmercaptan  with  potassium 
ferricyanide  also,  as  was  done  in  the  case  of  the  previous  two  compounds.  Also,  labeled  biphenyl  disulfide  was 
prepared  indirectly  in  the  synthesis  of  labeled  biphenylmercaptan.  After  decomposition  of  the  biphenyl  ester 
of  labeled  ethylxanthic  acid  with  alcoholic  alkali  solution,  together  with  the  mercaptan  was  formed  the  di¬ 
sulfide,  which  was  separated  off  and  purified  by  recrystallization  from  large  volumes  of  alcohol  or  from  dioxane. 
The  resulting  product  had  m.  p.  149-149.5*. 
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SUMMARY 


Synthesis  methcxls  were  developed  and  the  following  compounds,  labeled  with  the  radioactive  sulfur  iso¬ 
tope  s’®,  were  synthesized;  butyl  mercaptan,  benzyl  mercaptan,  p-thiocresol,  p-methoxythiophenol,  biphenyl 
mercaptan,  potassium  ethyl  xanthate,  diethyl  disulfide,  n-dibutyl  disulfide,  dibenzyl  disulfide,  p,  p'-dinitro- 
diphenyl  disulfide,  diphenyl  disulfide,  di-p-tolyl  disulfide,  di-p-methoxydiphenyl  disulfide  and  di-p-biphenyl 
disulfide. 
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CATALYTIC  TRANSFORMATIONS  OF  AMINES  OVER 


ALUMINOMOLYBDENUM  CATALYST 
A.  F.  Plate,  M.  E.  Volpin,  E.  A.  Re  fortnatska  ya  and  S.  V.  Zotova 

In  the  presence  of  a  number  of  catalysts,  mainly  metallic  in  nature  (Ni,  Cn  Pt,  Pd,  Co,  Ag),  and  at  tem¬ 
peratures  above  300*  the  primary  aliphatic  amines  suffer  dehydrogenation;  here  the  primary  amines  with  the 
amino  group  attached  to  a  primary  carbon  atom  are  converted  into  nitriles  [1],  The  reaction  proceeds  dirough 
the  stage  of  forming  the  aldimine  RCH  =  NH[2].  Secondary  and  tertiary  amines  (with  the  amino  group  attached 
to  primary  carbon  atoms)  are  also  converted  into  nitriles  with  the  simultaneous  formation  of  olefins  [1],  for  ex¬ 
ample:  (C5Hii)2NH  CgHjo  +  C4H9CN  +  2H2. 

Primary  amines,  where  tlie  amino  group  is  attached  to  a  secondary  carbon  atom,  are  dehydrogenated  only 
to  the  ketimine  stage  [2,  3]: 


R  R 

^H-NHg  '>C=NH, 

R'/  R'/ 

which  can  then  suffer  a  number  of  secondary  condensation  reactions. 

At  temperatures  below  300*  in  the  presence  of  the  same  catalysts  the  main  reactions  are  the  disproportiona¬ 
tion  and  desamination  of  the  amines  with  the  formation  of  a  mixture  of  various  amounts  of  primary,  secondary 
and  tertiary  amines,  olefins  and  ammonia.  At  higher  temperatures  the  same  reactions  accompany  the  dehydro¬ 
genation  reaction  to  a  greater  or  lesser  degree.  .Here  the  secondary  desamination  reaction  plays  an  especially  sub¬ 
stantial  part,  as  the  result  of  which  in  die  presence  of  certain  catalysts,  mainly  nonmetallic  in  nature  (AI2O3, 
ZnClj,  etc.),  the  amines  show  complete  decomposition  into  olefins  and  ammonia. 

In  the  present  study  we  investigated  the  behavior  of  a  number  of  amines  on  an  aluminomolybdenum  oxide 
catalyst  (molybdenum  oxide  deposited  on  aluminum  oxide),  in  the  presence  of  which  the  reactions  of  hydrogena¬ 
tion,  dehydrogenation,  cracking,  hydration  and  dehydration  can  proceed.  As  study  subjects  we  selected  amines 
of  diverse  structure:  n-propylamine,  di-n-propylamine,  isopropylamine  and  cyclopentylamine.  The  starting 
isopropylamine,  n-propylamine  and  cyclopentylamine  were  obtained  by  the  respective  reductive  amination  of 
acetone,  propionaldehyde  and  eye lopenta none  with  ammonia  under  1^  pressure  in  the  presence  of  skeletal  nickel. 
The  catalytic  amination  of  the  enumerated  carbonyl  compounds  under  pressure  gives  better  yields  than  does 
catalytic  amination  at  atmospheric  pressure  (especially  in  the  preparation  of  cyclopentylamine)  [4],  and  this 
method  can  be  recommended  as  being  preparative. 

When  n-propylamine,  isopropylamine  and  di-n-propylamine  were  passed  over  an  aluminomolybdenum 
catalyst  at  temperatures  below  400*  the  predominant  reaction  was  disproportionation  of  the  amines  with  the  for¬ 
mation  of  a  mixture  of  primary,  secondary  and  tertiary  amines,  olefins  and  ammonia  by  the  schemes: 

2C3H7NH2  NH3  -H  (CgHjjaNH, 

(CgHvjzNH  -t-  C3H7NH2  (C3H7)3N  -h  NH3 

C3H7NH2  ^  CsHsh-NHs  etc. 
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At  temperatures  above  400*  gas  formation  showed  considerable  iiK:rcase  and  tlie  catalyzate  no  longer  con¬ 
tained  die  original  amine;  here  considerable  differences  in  the  behavior  of  amines  differing  in  structure  was  ob¬ 
served. 

At  temperatures  above  400*  the  n-propylamine  begins  to  show  considerable  dehydrogenation  with  the  forma¬ 
tion  of  propionitrile.  At  temperatures  around  500*  the  formed  propionitrile  suffers  partial  decomposition,  giving 
acetonitrile.  Thus,  at  490*  the  catalyzate  is  practically  devoid  of  the  original  amine  and  consists  of  a  mixture 
of  acetonitrile  (67%)  and  propionitrile  (33%)  widi  trace  amounts  of  secondary  and  tertiary  amines  as  impurities. 
Special  experimental  studies  made  on  the  behavior  of  propionitrile  over  the  same  catalyst  confirmed  the  fact 
that  the  acetonitrile  is  formed  specifically  as  the  result  of  propionitrile  decomposition. 

At  500*  tlic  di-n-propylamine  behaves  in  the  same  manner  as  the  n-propylamine;  however,  in  this  case 
there  is  very  strong  gas  formation  and  only  a  small  amount  of  liquid  catalyzate  was  collected,  containing  aceto- 
'  nitrile  (14%)  and  propionitrile  (86%).  The  escaping  gases  contain  a  large  amount  of  saturated  hydrocarbons. 

Of  special  interest  are  the  catalytic  transformations  of  isopropylamine.  At  temperatures  above  400*  it  also 
suffers  considerable  dehydrogenation.  However,  in  the  presence  of  the  aluminomolybdenum  catalyst,  in  contrast 
to  metallic  catalysts^  the  dehydrogenation  fails  to  stop  at  the  ketimine  stage,  and  instead  is  accompanied  by 
crackin{^  which  leads  to  tlie  formation  of  acetonitrile  (at  500*  the  yield  is  10%).  At  the  same  time  the  desamina- 
tion  rate  for  the  isopropylamine  shows  a  sharp  increase;  at  500*  more  than  half  of  the  passed  amine  is  desamina- 
ted  by  the  reaction:  CsHyNHj — *•  CsHg  +  NH3,  with  the  formation  of  ammonia  (57  mole  %),  propylene  (32  mole 
%),  and  the  hydrogenation  and  cracking  products  of  the  latter  —  saturated  hydrocarbons  (31  mole  %).  The 
catalyzate  contains  only  trace  amounts  of  secondary  and  tertiary  amines. 

Even  more  conclusive  results  are  obtained  if,  to  suppress  the  desamination  reaction,  the  isopropylamine  is 
passed  over  the  catalyst  in  a  stream  of  ammonia.  Under  these  conditions  up  to  507o  of  the  starting  isopropyla¬ 
mine  is  converted  into  acetonitrile.  The  curve  giving  the  relationship  between  the  yield  of  acetonitrile  from 
isopropylamine  and  the  reaction  temperature  is  shown  in  Fig.  1.  The  rapid  decrease  in  tire  acetonitrile  yield, 
occurring  as  temperature  is  raised  above  500*  is  associated  with  the  increase  in  the  rate  of  a  number  of  side 
reactions,  mainly  the  reactions  of  isopropylamine  desamination,  hydrogenation  and  cracking  of  acetonitrile  [5]. 
This  is  indicated  by  the  change*  in  the  composition  of  the  escaping  gases  with  temperature  (Fig.  2), 


Mole  % 


Temperature  Temperature 

Fig.  1.  The  formation  of  acetonitrile  with  passage  Fig.  2,  Composition  of  the  gaseous  reaction  products 

of  isopropylamine  over  aluminomolybdenum  catalyst.  obtained  in  the  passage  of  isopropylamine  over  alu¬ 

minomolybdenum  catalyst  (in  mole  %  on  die  isopro¬ 
pylamine  passed). 

It  can  be  seen  that  the  formation  of  acetonitrile  from  isopropylamine  proceeds  through  the  stage  of  amine 
dehydrogenation  to  die  ketimine  and  the  decomposition  of  the  latter  with  the  formation  of  acetonitrile; 
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TABLE  1 

Transformations  of  Amines  Over  Aluminomolybdenum  Catalyst 


Du 

E 


Rate  of 
passage 

Yield  of  li¬ 
quid  cataly- 
■Zate _ 

Yield 

of  CH.CN 

Formed 

CN' 

NH, 

ml/hr. 

‘S 

E  B 

B  (« 

C  0 

(g) 

(%) 

(g) 

(mole 

%) 

1 

0 

tH 

0 

E 

1 

0 

TH 

« 

0 

E^ 

(mole 

%) 

o  a  —« 
c  g 


Di-n-propy  famine 


300° 

13.2 

— 

07 

11.7« 

89 

0 

0 

— 

— 

_ 

_ 

400 

7.8 

— 

0.3 

4.0  b 

51 

0 

0 

— 

— 

11 

14 

500 

5.8 

— 

0.2 

0.6c 

11- 

— 

— 

0.18 

0.3 

11 

19 

490  I  11.2 


n-Propy famine  (in  stream  of  NHj) 

■  I  S.oai  72  I  -  I  -  I  8.0  I  4.6 


11.4 


Isopropylamine 


400  1 

7.7  1 

— 

0.26  1 

2.Ce 

26  1 

0  1 

0 

0.03  1 

0.02 

78 

500 

10.4 

-  I 

0.22 

1.8f 

17 

1.1 

10 

0.04 

0.02 

100 

57 

Isopropylamine  (in  stream  of  NHj) 


446 

11.2 

5.2 

-  1  -9|  - 

2.82 

30.4 

1.8 

1.0 

— 

— 

462 

11.0 

5.3 

-  !  -3 1  - 

3.95 

43.4 

5.3 

2.9 

— 

— 

489 

11.4 

5  35 

-  1  -9'  - 

4.64 

49.7 

6.5 

3.4 

— 

— 

501 

10.3 

5.0 

—  1  — 9  1  — 

4.04 

47.7 

9.2 

5.3 

— 

— 

513 

10.6 

5.1 

-1-3  - 

3.34 

38.3 

14.4 

8.0 

— 

— 

551 

11.5 

5.4 

-  1  -3 !  - 

1.63 

17.2 

— 

— 

— 

— 

Cyclopenty famine  (in  stream  of  Nl^) 


484 

18.8 

6.6  1 

— 

6.0  K 

91  1 

0 

0 

0 

0  1 

— 

— 

500 

18.2 

6.6 

— 

5.0  K 

76 

0 

0 

0 

0 

— 

Notes.  Composition  of  liquid  catalyzate:  a)  primary,  secondary  and  tertiary  amine  and  traces  of  propio- 
nitrile;  b)  secondary  and  tertiary  amines,  propionitrile,  traces  of  primary  amine;  c)  14‘7oCH3CN  and  86% 
(.jHjCN;  traces  of  secondary  and  tertiary  amines;  d)  67%  CH3CN  and  33%  C2H5CN;  traces  of  secondary  and 
tertiary  amines;  e)  primary,  secondary  and  tertiary  amines,  small  amount  of  ketimine;  f)  60%  CH3CN;  remain¬ 
der  —  secondary  and  tertiary  amines;  g)  CH3CN;  quantity  after  distillation  see  in  column  *1field  of  CH3CN*; 
h)  about  70%  of  catalyzate  —  cyclopentene  in  mixture  with  cyclopentane  and  cyclopentadiene;  about  30%  of 
catalyzate  —  initial  cyclopentylamine  in  mixture  with  corresponding  secondary  amine. 
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TABLE  2 


Composition  of  Escaping  Gases  (minus  NH^)  upon  Passage  of  Amines  Over  Aluminomolybdenum 
Catalyst 


Di-n-propylamine 


300® 

0.85 

1.1 

0.5 

44.8 

5.0 

— 

9.3  j 

0.1 

12.2 

— 

400 

3.50 

6.0 

0.5 

61.2 

—  j 

11.2 

— 

11.4 

1.0 

116 

— 

500 

4.25 

6.6 

8.5 

53.2 

313 

n' 

-Propylamine 

(in  stream  of  NHi) 

490 

1 

1 

2.2  1 

87.5  1 

0.7  1 
1 

8.1  1 

1  1.53  1 

4.0  1 

5.8.  1 

219  1 

,.S| 

Isopropylamine 


400 

2.52 

20.9 

0 

51.2 

_ 

12.3 

16.7 

0 

40.9 

— 

500 

738 

18.2 

4.5 

453 

— 

17.5 

31.7 

7.7 

790 

— 

liopropylamine  (in  stream  of  NHj) 


446 

505 

131 

1.6 

71.3 

0.2 

13.9 

2.05 

14.0  1 

1.8 

79 

0.2 

15.4 

462 

7.9 

10.6 

1.9 

72.5 

1.0 

14.1 

2.08 

18.6 

33 

127 

1.8 

24.8 

489 

11.4 

7.5 

2.4 

72.6 

1.4 

16.1 

1.72 

18.6 

5.9 

180 

3.5 

39.8 

513 

13.7 

6.0 

2.3 

707 

5.1 

15.9 

1.59 

19.1 

7.3 

225 

16.2 

50.6 

551 

24.9 

0.5 

1.5 

57.9 

19.8 

20.5 

1.19 

2.7 

8.0 

308 

105 

109 

•  Formed  due  to  partial,  additional  reduction  of  catalyst. 

••  Formed  together  with  part  of  Hi  due  to  decomposition  of  ammonia  in  accord  with  reaction: 
2NH|  ^  N,  +  3H|. 
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As  a  result,  in  this  case  also,  the  same  as  for  n- propylamine,  the  end  reaction  product  is  die  one  that  shows 
the  greatest  thermodynamic  stability  under  these  conditions,  namely  acetonitrile. 

Cyclopentylamine,  in  which,  the  same  as  for  isopropylamine,  the  NH  group  is  found  attached  to  a  second¬ 
ary  carbon  atom,  however,  behaves  differently  than  does  isopropylamine.  Here  the  main  direction  of  the  reac¬ 
tions  (even  with  passage  of  the  amine  in  a  stream  of  ammonia)  is  desamination  with  the  formation  of  cyclopen- 
tene,  and  also  cracking  with  the  formation  of  large  volumes  of  gaseous  reaction  products.  The  cyclopentene  that 
is  formed  under  these  conditions  is  partially  hydrogenated  to  cyclopentane  and  also  shows  disproportionation  into 
cyclopentane  and  cyclopentadiene  [6].  We  were  unable  to  show  the  presence  of  nitriles  in  the  reaction  products. 
The  difference  in  the  behavior  of  cyclopentylamine  and  isopropylamine  under  the  same  conditions  is  evidently 
associated  with  the  greater  ease  of  cleavage  of  the  elements  of  ammonia  to  give  a  cyclic  olefin  —  cyclopen¬ 
tene,  when  compared  with  the  formation  of  an  aliphatic  olefin  —  propylene. 

EXPERIMENTAL 

Synthesis  of  amines.  A  mixture  of  348  g  (6  moles)  acetone  and  550  g  37%  aqueous  ammonia  solution 
(12  moles)  was  hydrogenated  in  an  autoclave  in  the  presence  of  35  g  skeletal  nickel  catalyst  at  90-100*  and  un¬ 
der  a  hydrogen  pressure  of  50-76  atm.  When  absorption  of  hydrogen  was  complete,  the  catalyst  was  filtered  off 
and  from  a  Favorsky  flask  was  driven  off  the  fraction  boiling  up  to  50*  after  which  the  obtained  amine  was  dis¬ 
tilled  on  a  column  (with  glass  packing)  with  an  efficiency  of  37  theoretical  plates.  Yield  of  isopropylamine  was 
172  g  (49%): 

B.p.  31.3*  (740  mm),  np  1.3770,  d^®  0.6931.  Literature  data  give  [7,  8];  b.p.  31.5*  (743  mm),  n^* 
1.37698,  df 0.6935. 

n-Propylamine  was  prepared  similarly  from  propionaldehyde;;  yield  30%: 

B.p.  46.5-46.6*  (744  mm),  dj®  0.7149,  n^  1.3910.  Literature  data  give  [8,  9]:  b.p.  47.8*  (760  mm), 
df*®  0.7209,  ng-®  1.39006,  df  0.7155. 

For  the  preparation  of  cyclopentylamine,  in  the  autoclave  was  placed  200  g  cyclopentanone,  360  ml  (satura¬ 
ted  at  0*)  aqueous  ammonia  solution  and  20  g  skeletal  nickel  catalyst.  Hydrogenation  was  carried  out  under  a 
hydrogen  pressure  of  120-130  atm.  at  a  temperature  of  50-60*.  The  catalyst  was  filtered  off  and  the  catalyzate 
was  boiled  for  2  hours  under  reflux  to  remove  the  excess  ammonia.  Then,  to  separate  the  amine  from  aqueous 
solution  was  added  caustic  potash,  the  amine  was  separated  off,  dried  and  distilled  on  a  column  with  an  efficien¬ 
cy  of  35  theoretical  plates.  Yield  of  cyclopentylamine  was  97.1  g  (50%): 

B.p.  108.2*  (760  mm),  ng  1.4511,  df  0.8683.  Literature  data  give  [10]:  b.p.  108-109*  (767  mm), 
ng  1.4515,  d^®  0.8689. 

To  investigate  the  catalytic  transformations^  previously  distilled  commercial  di-n-propylamine,  b.p.  109*, 
df  0.7385,  ng  1.4045.  was  used. 

Conditions  of  catalytic  experiments.  Catalytic  experiments  were  carried  out  in  a  flow  system. 
The  aluminomOlybdenum  catalyst  was  prepared  by  impregnation  of  grains  of  aluminum  (aide  with  an  ammoniac- 
al  solution  of  ammonium  molybdate  and  contained  14.9%  by  wt.  of  MoOj  and  85.1%  A1203  (11  mol  %  MoOj  and 
89  niol.  %  A1203).  The  impregnated  catalyst  was  dried  and  slowly  heated  in  a  stream  of  air  to  500*.  Before  each 
experiment,  the  catalyst  was  reduced  in  a  stream  of  hydrogen  at  500*.  After  the  experiment,  the  catalyst  was 
regenerated:  the  coke  deposit  was  calcined  by  blowing  in  a  stream  of  air  at  500*. 

The  liquid  catalyzate,  collected  in  the  receiver  and  in  traps,  was  cooled  to  —20*,  carefully  heated  under  re¬ 
flux  for  removal  of  dissolved  ammonia,  and  then  distilled.  The  corresponding  fractions  were  analyzed  for  con¬ 
tent  of  primary,  secondary  and  tertiary  amines  and  nitriles  [11].  The  quantity  of  cyanide  ion  which  formed  was 
determined  by  titration  with  AgN03  solution;  the  gaseous  reaction  products  were  liberated  from  ammonia  and 
then  analyzed  on  a  VTI  apparatus.  The  conditions  and  results  of  a  number  of  experiments  are  given  in  Table  1; 
the  composition  of  the  outgoing  gases  are  given  in  Table  2. 

SUMMARY 

1.  The  transformations  of  n-propylamine,  di-n-propylamine,  isopropylamine  and  cyclopentylamine  on  an 
aluminomolybdenum  catalyst  were  studieci 
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2.  It  was  shown  that  at  temperatures  below  400*  diets  proceed  mainly  disproportionation  reactions  with  the 
formation  of  mixtures  of  primary,  secondary  and  tertiary  amines. 

3.  At  a  temperature  of  450*500*  die  isopropylamine  suffers  a  previously  unknown  type  of  decomposition  and 
dehydrogenation  widi  the  formation  of  acetonitrile.  n-Propylamine  and  di-n-propylamine  are  dehydrogenated  to 
propionitrile.  At  temperatures  above  400*  die  desamitiation  process  increases  in  strength,  and  in  die  case  of  cy* 
clopentylamine  it  appears  as  the  predominant  process. 

4.  The  reductive  aminadon  of  cyclopentanone  in  the  presence  of  skeletal  nickel  catalyst  can  be  recom* 
mended  as  a  preparative  method  for  obtaining  cyclopentylamiiie. . 
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DEHYDRATION  OF  SUBSTANCES  USING  VACUUM  AND  DEEP  FREEZING 

Ya.Ya.  Dodonov  and  S.B.  Pirkes 


Certain  substances,  which  contain  in  their  coraposition  water  of  crystallization  (for  example,  salts  of  rare- 
earth  elements  with  organic  acids),  upon  being  dried  at  a  temperature  exceeding  100*,  undergo  partial  decompo¬ 
sition.  At  the  same  time,  in  order  to  dehydrate  certain  salts  that  firmly  hold  their  water  of  crystallization,  it  is 
necessary  to  subject  them  to  prolonged  heating,  higher  temperatures  or  prolonged  standing  in  vacuum  at  a  cor¬ 
respondingly  lowered  temperature.  A  greater  rate  of  dehydration  is  thus  obtained  under  a  higher  vacuum. 


Scheme  of  apparatus  for  dehydration  of  salts. 

We  found  it  difficult  to  dehydrate  the  d-camphor-6-sulfonates  and  u-bromo-d-camphor-p-sulfonates  of 
individual  rare-earth  elements.  Dehydration  in  vacuum  during  passage  of  a  stream  of  dry  hydrogen  (pressure  5 
mm,  temperature  85-90*)  went  very  slowly  (over  20  hours). 

This  circumstance  led  us  to  employ  deep  freezing  of  the  receiver  (filled  with  calcium  chloride)  during  the 
vacuum -drying,  which  lowered  the  vapor  pressure  of  the  HjO  which  was  removed  from  the  drying  zone  by  the 
stream  of  dry  hydrogen,  passed  through  the  capillary. 

For  this  we  used  the  following  apparatus.  In  a  round-bottomed  flask,  heated  with  boiling  water,  was  placed 
several  weighed  portions  of  the  salts  located  in  small  open  test-tubes  fitted  with  ground  stoppers.  The  flask  was 
closed  with  a  rubber  stopper  with  two  outlet  tubes;  one  of  them  reaches  almost  to  the  bottom  of  the  flask  and  its 
end  is  drawn  out  into  a  thin  capillary.  A  slow  stream  of  dry  hydrogen  is  introduced  into  the  flask  through  the 
capillary. 

A  specially  prepared  glass  column  a,  filled  with  calcium  chloride  and  lowered  inside  a  Dewar  flask  b 
with  liquid  air  served  as  the  receiver  for  the  condensed  water.  The  outlet  tubes  of  the  calcium  chloride  column 
join  it  with  a  flask  from  one  side  and  with  the  oil  pump  from  the  other. 

For  complete  dehydration  of  salts,  in  our  case, it  proved  sufficient  to  heat  for  2  hours  at  85-90*  under  a  pres¬ 
sure  of  8-10  mm.  The  liquid  air  may  be  replaced  by  a  solution  of  dry  ice  in  acetone. 
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THE  SYNTHESIS  OF  ACETYLENES  BY  EXHAUSTIVE  METHYLATION 


Ya.M.  Slobodin  and  N.A.  Selezneva 


The  decomposition  of  fully  substituted  ammonium  bases  is  used  for  the  synthesis  of  compounds  that  contain 
either  one  or  several  double  bonds  [1,2]. 

We  had  established  [3]  that  the  exhaustive  methylation  of  dimethylpiperideine  leads  to  the  formation  of 
pyrylene  -  a  hydrocarbon  that  contains  a  conjugated  acetylene- ethylene  system  of  bonds.  This  study  showed  for 
the  first  time  the  possibility  of  forming  the  acetylene  bond  in  the  thermal  decomposition  of  fully  substituted  am¬ 
monium  bases.  It  could  be  assumed  that  the  thermal  decomposition  of  ethylene  bis(trimethylammonium  hydrox¬ 
ide)  Will  lead  to  the  formation  of  acetylene  itself: 

[(CHjlsNCHj  -  CHzNfCHjls]  (OH)7  -*■  CH  sCH  +  2N(CHj)3  +  2H2O. 

Actually,  when  this  reaction  was  run  a  gaseous  hydrocarbon  was  obtained,  which  proved  to  be  pure  acetylene. 
The  reaction  proceeds  with  such  great  ease  and  rapidity  that  it  can  be  recommended  as  a  demonstration  experi¬ 
ment. 


In  the  above  mentioned  study  [3]  it  was  shown  that  quaternary  ammonium  bases,  containing  the  unsaturated 
radicals 


r  1 

CH2 

+  II 

I  (CH3)3NCH2CH2  -  CH  =  C  =  CH2J  Y“: 

(CH3)3NC-  CH2-  CH  =  CH2 

when  distilled  with  alkali  are  decomposed  with  the  formation  of  the  same  hydrocarbon,  containing  a  conjugated 
acetylene -ethylene  system  of  bonds.  It  was  natural  to  expect  that  the  thermal  decomposition  cf  iinsaturated  bis- 
ammonium  bases  of  type 

r  +  +  1  - 

(CHjjjN  -  CH  -  CH  =  CH  -  CH  -  NCCH,),  ;  (OH)2 

L  K  R  J 

would  also  lead  to  the  formation  of  cnynes  with  conjugated  bonds. 

In  the  present  study  we  subjected  l,4-dimethyl-2-butenylene  bis(trimethylammonium  hydroxide)  to  ther¬ 
mal  decomposition.  The  starting  material  for  its  preparation  was  2,4-hexadiene,  which  was  converted  into  the 
dibromide  when  reacted  with  the  calculated  amount  of  bromine.  Treatment  of  the  dibromide  with  trimethylamine 
gave  the  diammonium  salt  in  quantitative  yield,  which  when  distilled  with  a  slight  excess  of  alkali  was  decom¬ 
posed  with  the  formation  of  a  hydrocarbon. 

The  hydrocarbon  boiled  at  88-89*.  When  hydrogenated  it  added  3  moles  of  hydrogen.  It  failed  to  react 
with  reagents  for  monosubstituted  acetylenes.  The  hydrocarbon  showed  considerable  molecular  refraction  exalta¬ 
tion.  The  Raman  spectrum  of  the  hydrocarbon  showed  the  presence  of  a  group  with  frequencies  of  1577,  1628, 

1650,  1936,  2137  and  2222  cm'^,  characterizing  the  presence  of  a  conjugated  double  and  triple  bond  in  the  hydro¬ 
carbon.  The  frequencies  1628  and  1650  cm**  show  that  the  double  bond  in  the  conjugated  system  is  not  found  at 
the  end  of  the  carbon  chain.  The  frequency  1577  cm**,  constantly  present  in  conjugated  enynes  [4],  supports  the 
structure  of  the  investigated  hydrocarbon  as  being  a  conjugated  enyne.  The  same  should  also  be  said  of  the  fre¬ 
quency  1936  cm'*,  shown  by  us  to  be  also  present  in  other  enynes  [3].  The  frequencies  2137  and  2222  cm'*  show 
that  the  hydrocarbon  is  a  disubstituted  acetylene.  Combination  of  the  obtained  data  shows  that  our  investigated 
hydrocarbon  is  2-hexen-4-yne. 
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raking  into  consideration  the  easy  availability  at  the  present  time  of  diene  hydrocarbons  with  eonjugated 
bonds,  many  of  which  arc  synthesized  on  a  commercial  scale,  it  is  possible  to  make  extensive  use  of  them  for 
the  synthesis  of  enyncs  -  a  class  of  hydrocarbons  that  np  to  now  have  been  quite  difficultly  available. 

The  general  synthesis  of  enyncs  from  conjugated  dienes  can  be  depicted  by  the  scheme: 


R-CH=  CH-CH=CH-R  ^  R-CHBr-CH=r  CH-CHBr-R  iH. 


R  R 

I  I  1 

(CH.,)3N-CH-CH=-CH-CH-N(CH:,);) 


„  -  NaOft 

Br2 - »• 


- ►  R-C=C-CH^CH-R  2N(CH-,)3  -h  2H2O  ■+■  2NaBr. 


All  of  the  phases  of  this  process  proceed  with  yields  that  arc  close  to  quantitative. 


In  a  previous  communication  [3]  it  was  mentioned,  after  treatment  of  a  fully  substituted  ammonium  base, 
containing  an  unsaturated  radical,  with  silver  oxide,  that  subsequent  thermal  decomposition  fails  to  lead  to  the 
formation  of  a  hydrocarbon.  We  observed  a  similar  phenomenon  in  the  present  study. 

A  study  of  the  reaction  of  silver  nitrate  with  an  aqueous  solution  from  the  receiver,  containing  a  small 
amount  of  unsatnrated  amine,  revealed  that  mixing  of  the  solutions  even  in  the  cold  led  to  almost  instantaneous 
reduction  of  the  silver  nitrare.  Here  silver  oxide  is  reduced  to  the  metal.  It  can  be  assumed  that  this  explains 
our  above-mentioned  unsuccessful  attempts  to  obtain  hydrocarbons. 


EXPERIMENTAL 

Synthesis  of  acetylene.  The  starting  material  was  ethylene  bromide  which  was  sealed  in  an  ampul  with  an 
excess  of  trimethylamine.  The  mixture  was  set  aside  at  room  remperature  for  1  month.  After  opening  the  ampul 
and  driving  off  the  excess  trimethylamine,  the  salt  was  washed  with  absolute  ether  and  dried.  Analysis  of  it  showed 
a  decreased  nitrogen  content.  In  connection  with  this,  the  salt  was  again  sealed  in  a  tube  with  excess  trimethyl¬ 
amine  and  set  aside  at  room  temperature  for  1  month  more. 

Found  %:  N  8.5,  8,77.  CgH22N2Br2.  Calculated  %•  N  9.15. 

The  salt  was  placed  in  a  Wurtz  flask  to  which  was  added  40%  KOH  solution,  amounting  to  a  15-20%  excess 
of  the  calculated  quantity;  slight  evolution  of  heat  and  gas  was  noted.  The  flask  was  fitted  with  condenser  and 
receiver.  The  gaseous  reaction  products  were  washed  with  water,  sulfuric  acid  and  passed  into  a  gasometer,  filled 
with  saturated  hydrochloric  acid  solution.  Upon  heating  the  flask,  decomposition  of  the  base  proceeded  vigorous¬ 
ly  and  was  complete  after  10-15  minutes.  Water  and  water-soluble  amines  were  collected  in  the  receiver. 

The  gaseous  hydrocarbon  reacted  quantitatively  with  ammoniacal  solutions  of  silver  and  monovalent  copper 
to  form  the  characteristic  metallic  derivatives  of  acetylene.  Acetaldehyde  was  obtained  by  Kucherov’s  reaction. 
The  yield  of  acetylene  was  about  80%. 

Bromide  of  2,5-bis-(trimcthylammonium)-3-hexene.  Into  a  flask  fitted  with  stirrer  and  reflux  condenser 
was  placed  a  solution  of  hexadi-2,4-ene  in  carbon  tetrachloride.  On  cooling  to  -10*,  the  calculated  quantity  of 
bromine,  dissolved  in  carbon  tetrachloride,  was  slowly  run  into  the  solution.  The  reaction  products  were  washed 
with  water,  soda,  again  with  water,  dried  over  calcium  chloride  and  distilled  [5].  The  yield  of  bromide  was 
quantitative. 

B.p.  66.5*  at  2  mm,  df  1.6216,  ng  1.5355. 

Found  %:  Br  66.15.  CgH2oBr2.  Calculated  %:  Br  66.11. 

To  the  solution  (cooled  with  ice  water)  of  hexadiene  dibromide  in  ether  or  in  benzene  was  added, with  vigor¬ 
ous  stirring,  a  solution  of  trimethylamine  in  the  same  solvent. 

The  reaction  was  complete  after  several  hours.  However,  in  preparing  the  analytically  pure  diammonium 
salt  it  was  necessary  to  hold  the  mixture  in  a  well-closed  vessel  for  10-15  days  at  room  temperature.  The  precip¬ 
itate  was  quickly  filtered  off  and  dried  in  a  desiccator  over  alkali.  Yield  of  salt  was  nearly  quantitative. 

Found  %  N  7.65;  Br  43.88.  Ci2H22N2Br2.  Calculated  %  N  7.77;  Br  44.44. 

2-Hexen-4-yne.  Into  the  diammonium  salt  in  the  Wurtz  flask  was  run  a  40%  solution  of  KOH  in  10%  ex- 
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cess  over  the  calculated  quantity.  The  mixture  was  slowly  distilled.  When  the  distillation  of  water  was  almost 
complete,  decomposition  of  the  diammonium  base  began.  There  were  two  layers  in  the  receiving  flask.  The  hy¬ 
drocarbon  layer  was  separated  off,  washed  with  water,  sulfuric  acid,  again  with  water  and  dried  over  calcium 
chloride.  The  yield  of  hydrocarbon  was  %5Plo. 

B.p.  88-89*.  df  0.7710,  nf5  1.4918,  MRd  30.09;  calc.  27.38;  exaltation  2.71. 

Hydrogenation  over  plaitinum  catalyst.  Subst.  0.2794  g;  Hj  226  ml(0*,  760  mm).  CjHgFF.  Calculated:  Hj 
234.7  ml. 

Raman  spectrum  of  hydrocarbon:  295(2),  361(1).  442(2),  791(1),  821(2),  938(3),  1095(5),  1150(7),  1186(7), 
1239(5),  1290(5),  1344(4),  1393(4),  1444(3),  1577(2),  1628(20),  1650(20),  1936(8),  2137(4),  2222(4),  2860(4), 
2921(5),  2980(5),  3076(2). 

SUMMARY 

1.  It  was  established  that  the  thermal  decomposition  of  ethylene  bis(trimethylammonium  hydroxide)  yields 
pure  acetylene. 

2.  The  thermal  decomposition  of  l,4-dimethyl-2-butenylene  bis(trimethylammonium  hydroxide)  yields 
2-hexen-4-yne. 

3.  The  studied  reaction  can  be  a  general  method  for  the  synthesis  of  enynes  and  the  simpler  acetylenes. 
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THE  REACTION  OF  T  RIM  ET  H  Y  LA  MI  N  E  WITH  POLYHALIDES 


Ya.M.  Slobodin  and  N.A.  Selezneva 


In  previous  communications  it  was  shown  that  the  thermal  decomposition  of  ammonium  bases  can  lead  not 
only  to  the  formation  of  compounds  with  double  bonds,  but  also  of  acetylenes  [1],  enynes  [1,2],  and  even  of  com¬ 
pounds  of  the  cyclopropane  series.[3].  In  this  connection  it  was  necessary  to  elucidate  the  conditions  for  the  form¬ 
ation  of  the  salts  of  polyammonium  bases  from  polyhalides  with  variable  halogen  atom  distribution  in  the  carbon 
chain. 

It  is  indicated  in  the  literature  that  compounds  containing  2  halogen  atoms  on  one  carbon,  as,  for  example, 
in  methylene  iodide,  are  incapable  of  forming  a  stable  diammonium  salt  [4].  In  like  manner  for  ethylene  bro¬ 
mide  only  the  salts  of  the  monoammonium  derivatives  are  known  [5]. 

In  this  paper  we  describe  the  results  of  studying  the  reaction  of  trimethylamine  with  various  halides;  here 
it  was  established  that  the  halogen  atoms,  found  in  the  3 -position  to  each  other,  fail  to  show  substantial  influence 
on  their  reaction  with  trimethylamine,  while  the  halogen  atoms  on  adjacent  carbons  do  exert  a  substantial  in.lu- 
ence  on  this  process.  In  the  latter  case  the  reaction  proceeds  in  stepwise  manner.  Diprimary  a -dibromides  react 
more  rapidly  than  do  primary-secondary,  and  the  latter  react  more  rapidly  than  do  the  primary-tertiary.  The 
yields  of  the  diammonium  salts  in  the  first  case  are  considerably  higher  than  in  the  second  and  especially  in  the 
third  case.  Thus,  ethylene  bromide  at  room  temperature  showed  reaction  with  trimethylamine  to  the  extent  of 
95*7o,  forming  the  diammonium  salt.  While  propylene  bromide  in  twice  the  time  showed  50%  reaction,  and  iso¬ 
butylene  bromide  only  30%. 

Halogen  atoms  found  on  the  same  carbon  show  a  very  strong  influence  on  the  reaction.  Methylene  iodide  at 
room  temperature  showed  reaction  with  trimethylamine  to  the  extent  of  95%  in  one  month;  however,  the  result¬ 
ing  product  was  a  mixture,  containing  51%  of  the  monoammonium  salt  and  49%  of  the  diammonium  salt.  In  the 
same  length  of  time  bromoform  formed  only  50%  salt,  which  proved  to  be  practically  pure  triammonium  salt.  The 
formation  of  the  tetraammonium  salt  from  trimethylamine  and  1,2,3,4-tetrabromobutane  proceeds  in  stepwise 
manner  and  is  complete  in  about  3  months. 

A  double  bond  in  the  3  -position  to  the  halogen  atom  sharply  accelerates  the  reaction.  Allyl  bromide  and 
crotyl  chloride  react  very  rapidly  with  trimethylamine.  The  reaction  is  practically  ended  about  the  time  all  of 
the  trimethylamine  has  been  added.  The  dibromides  of  conjugated  dienes,  containing  2  bromine  atoms  in  3- 
positions  to  the  double  bond,  react  explosively  with  trimethylamine.  This  requires  running  the  reaction  in  diluents 
(alcohol,  ether,  benzene)  and  with  good  cooling. 

The  introduction  of  a  hydroxy  group  in  the  a -position  to  the  halogen  shows  a  retarding  effect.  Thus,  tri¬ 
methylene  bromide  reacts  quantitatively  with  trimethylamine  in  several  days,  while  glycerol  o,a'-dibromohydrin 
forms  the  diammonium  salt  only  after  standing  at  room  temperature  for  2  months  with  excess  trimethylamine, and 
glycerol  a,a'-dichlorohydrin  under  the  same  conditions  forms  only  the  monoammonium  salt.  In  contrast  to  the 
hydroxy  group  the  keto  group  accelerates  the  process  of  forming  ammonium  salts.  Symmetrical  dibromoacetone 
forms  the  diammonium  salt  with  sufficiently  great  rapidity. 

The  data  obtained  by  us  show  that  the  reaction  for  the  formation  of  polyammomum  salts  from  trimethylamine 
and  the  corresponding  polyhalides  is  influenced  by  the  mutual  distribution  of  the  halogen  atoms,  their  nature,  the 
degree  of  substitution  shown  by  the  carbon  attached  to  the  halogen,  and  apparently  by  factors  of  a  steric  character. 

It  was  already  mentioned  in  previous  communications  [1,2,7]  that  the  thermal  decomposition  of  bisammon- 
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ium  bases,  the  same  as  for  monoammonium  bases  containing  an  unsaturated  radical,  fails  to  lead  to  the  formation 
of  compounds  with  allene  bonds.  Intramolecular  rearrangements  take  place  right  at  the  moment  of  reaction, 
leading  to  the  formation  of  compounds  with  either  the  acetylene  or  a  conjugated  diene  bond.  Bisammonium  bases, 
showing  a  double  bond  in  the  carbon  chain  attached  to  two  ammonium  groups,  under  thermal  decomposition  form 
the  acetylene-ethylene  system  of  bonds.  To  develop  these  observations  we  studied  in  the  present  investigation  the 
thermal  decomposition  of  propylene  bis-(trimethylammonium  hydroxide),  trimethylene  bis-(trimethylammonium 
hydroxide),  trimethylallylammonium  hydroxide  and  (3-cyanopropyl)trimethylammonium  hydroxide. 

It  was  experimentally  established  by  us  that  the  thermal  decomposition  of  propylene  bis-(trimethylammoni- 
um  hydroxide),  as  could  be  expected,  gives  allylene  in  up  to  9(y7o  yield.  In  the  thermal  decomposition  of  trimeth¬ 
ylene  bis-(trimethylammonium  hydroxide)  the  predominant  formation  of  allene  could  have  been  expected;  how¬ 
ever,  a  study  of  the  gaseous  thermal  decomposition  products  revealed  that  in  this  case  also  allylene  was  formed 
in  up  to  85*55)  yield.  Closely  similar  results  were  also  obtained  in  the  thermal  decomposition  of  trimethylallylam¬ 
monium  hydroxide.  Here  the  only  gaseous  thermal  decomposition  product  was  allylene,  but  its  yield  was  only 
56*55),  Liquid  products  were  obtained  together  with  the  allylene,  showing  a  wide  boiling  range  (60-137*)  and  con¬ 
taining  unsaturated  amines,  and  possibly  allyl  alcohol.  In  addition,  these  experiments  permit  assuming  that  the 
decomposition  of  trimethylene  bis-(trimethylammonium  hydroxide)  under  heating  proceeds  with  the  simultaneous 
elimination  of  trimethylamine  from  both  quaternary  ammonium  groups  without  the  formation  of  the  intemiediate 
tiimethylallylammonium  ion. 

In  the  thermal  decomposition  of  (3-cyanopropyl)trimethylammonium  hydroxide  there  proceeded  simulta¬ 
neous  saponification  of  the  nitrile  group  and  elimination  of  trimethylamine.  An  acid  was  obtained  as  a  result, 
which  showed  a  somewhat  lower  melting  point  than  crotonic  acid.  Its  mixed  melting  point  with  crotonic  acid  failed 
to  be  depressed.  Consequently,  here  also  rearrangement  took  place,  as  a  result  of  which  a  compound  with  a  con¬ 
jugated  system  of  bonds  was  formed. 


EXPERIMENTAL 

To  prepare  the  salts,  the  halides  were  sealed  in  an  ampul  with  a  two-fold, with  respect  to  the  theoretical, 
quantity  of  trimethylamine.  The  mixture  was  set  aside  at  room  temperature.  After  definite  intervals  of  time 
had  elapsed,  the  ampuls  were  opened.  The  excess  of  trimethylamine  was  driven  off.  The  salt  was  washed  on  a 
filter  with  ether,  dried  in  vacuum  and  analyzed.  In<case  of  incomplete  reaction,  the  salt  was  again  sealed  with 
an  excess  of  trimethylamine. 

Methylene  bis-(trimethylammonium  iodide).  The  reaction  of  methylene  iodide  with  trimethylamine  at 
first  proceeded  rapidly.  It  was  necessary  to  cool  the  mixture.  After  a  month,  the  ampul  was  opened.  The  salt 
was  difficultly  soluble  in  alcohol  and  insoluble  in  ether.  Analysis  gave  a  reduced  nitrogen  content,  which  corres¬ 
ponded  to  a  mixture  of  51*51)  mono-  and  49*51)  diammonium  salt.  Yield  of  salt  was  95*51). 

Found  %  N  5.8,  5.7.  CtHjqNjIj.  Calculated  %  N  7.26.  C4HHI2N.  Calculated  %  N  4.3. 

Methylene  tri-(ttimethylammonium  bromide).  The  initial  stage  of  reaction  of  bromoform  with  trimethyl- 
amine  proceeds  with  evolution  of  heat.  The  ampul  was  opened  after  a  month.  The  salt  was  but  slightly  hygro¬ 
scopic.  It  dissolved  slowly  in  alcohol;  it  was  insoluble  in  ether.  Yield  50*51). 

Found  *51):  N  10.0,  9.87.  CioHzgNjBta.  Calculated  %  N  9.77. 

Ethylene  bis-(trimethyl  ammonium  bromide).  The  reaction  between  ethylene  bromide  and  trimethylamine 
proceeded  sluggishly.  The  ampul  was  opened  after  a  month.  Analysis  showed  a  reduced  nitrogen  content.  The 
precipitate  was  again  sealed  with  an  excess  of  trimethylamine  and  the  mixture  was  again  set  aside  for  a  month. 
The  resulting  product  was  hygroscopic.  The  yield  was  above  90*51). 

Found  7o:  N  8.50,  8.77.  CgHggNgBrg.  Calculated  *51):  N  9.15. 

Cyclohexane-l,2-bis(trimethylammonium  bromide).  The  reaction  between  cyclohexene  bromide  and  tri¬ 
methylamine  proceeded  very  slowly.  After  only  3  months,  formation  of  precipitate  ceased.  The  yield  was  almost 
quantitative. 

Found  oJk  N  7.90,  8.00.  CijHggNgBig.  Calculated  %  N  7.78.  ' 

Propylene  bis(trimethylammonium  bromide).  The  reaction  between  propylene  bromide  and  trimethylamine 
proceeded  very  slowly.  The  formation  of  crystals  of  the  ammonium  salt  began  only  after  a  month  had  elapsed. 
The  ampul  was  opened  after  4  months.  The  salt  was  hygroscopic.  Yield  about  50*51). 
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Found  N  8.52,  8.65.  C9H2gN2Br2.  Calculated  7«>:  N  8.75. 

Isobutylene  bis(trimethylammonium  bromide).  The  reaction  between  isobutylene  bromide  and  trimethyl- 
amine  proceeded  very  slowly.  The  ampul  was  opened  after  4  months.  The  salt  was  hygroscopic.  Yield  about  30?<». 

Found  °la:  N  8.50,  8.25.  C2oH2gN2Br2.  Calculated  °Jv.  N  8.38. 

Trimethylene  bis(trimethylammonium  bromide).  Trimethylene  bromide  was  sealed  in  an  ampul  with  tri- 
methylamine.  The  formation  of  the  bis-ammonium  salt  was  complete  after  several  days.  Yield  was  near  theor¬ 
etical. 

Found  °h:  N  8.58.  C9H24N2Br2.  Calculated  '%  N  8.75. 

Glyceryl(trimethylammonium  bromide).  Glycerol  tribromohydrin  was  sealed  in  an  ampul  with  trimethyl- 
amine.  Formation  of  crystals  of  the  ammonium  salt  took  place  slowly.  The  ampul  was  opened  after  2  months. 
Analysis  showed  that  the  diammonium  salt  formed.  The  yield  was  almost  quantitative. 

Found  N  6.87,  6.94.  C9H2SN2B15.  Calculated  %:  N  7.01. 

The  diammonium  salt  was  again  sealed  with  £fn  excess  of  trimethylamine  (three-fold)  and  set  aside  for  3 
months.  The  resulting  salt  was  slightly  hygroscopic,  slowly  dissolved  in  water,  and  was  difficultly  soluble  in  al¬ 
cohol.  The  yield  was  almost  quantitative. 

Found  %:  N  9.25,  9.07.  Ci2H32N3Br3.  Calculated  <7o:  N  9.16. 

2- MethylpropenyI(trimethylammonium  bromide).  1,2,3-Tribromoisobutane  was  sealed  with  an  excess  of 
trimethylamine.  The  crystalline  precipitate  began  to  appear  only  after  a  month  had  elapsed.  The  ampul  was 
opened  after  3  months.  The  salt  was  hygroscopic,  readily  soluble  in  water,  somewhat  less  soluble  in  alcohol.  It 
was  the  diammonium  salt.  The  yield  was  quantitative. 

Found ‘’/o:  N  7.01,  6.87.  C2oH25N2Br3.  Calculated  <70:  N  6.78. 

The  diammonium  salt  was  sealed  with  a  three-fold  excess  of  trimethylamine.  The  mixture  was  set  aside 
for  3  months.  The  salt  was  hygroscopic.  The  yield  was  quantitative. 

Found  ‘7o:  N  8.78,  8.95.  C23H34N3Br3.  Calculated  %  N  8.90. 

Divinyl  tetra(trimethylammonium  bromide).  The  crystalline  divinyl  tetrabromide  was  sealed  in  an  ampul 
with  a  two- fold  excess  of  trimethylamine.  The  ampul  was  opened  after  2  months.  The  resulting  salt  was  a  mix¬ 
ture  of  products.  The  salt  was  again  sealed  with  a  two-fold  excess  of  trimethylamine  and  set  aside  for  another 
month.  The  salt  was  slightly  hygroscopic,  readily  soluble  in  water.  Yield  was  close  to  quantitative. 

Found  Ik  N  9.36,  9.39.  CigH42N4Br4.  Calculated  7o:  N  9.1. 

Propan-2-ol-l,3-bis(ttimethylammonium  bromide)[6].  Glycerol  dibromohydrin  was  sealed  in  an  ampul  with 
a  two- fold  excess  of  trimethylamine.  After  only  several  days,  a  precipitate  of  salt  appeared.  The  reaction  was 
complete  after  only  2  months.  The  salt  was  very  hygroscopic.  The  yield  was  quantitative. 

Found  <7o:  N  8.05,  8.09.  C9H240N2Br2.  Calculated  N  8.32. 

3- Chlcmpropan-2-ol-l-trimethyl-3-ammonium  chloride.  Glycerol  dichlorohydrin  was  sealed  in  an  ampul 
with  a  two- fold  excess  of  trimethylamine.  The  mixture  was  set  aside  for  3  months.  The  crystals  of  the  salt 
started  to  come  down  only  after  a  month  of  standing.  Analysis  showed  that  the  salt  was  a  mixture  of  approximately 
80%  monoammonium  salt  and  20%  diammonium  salt.  The  salt  was  recrystallized  from  alcohol. 

Found  %:  N  7.38.  C,Hi5NCl2.  Calculated  %  N  7.45. 

Propan-2-one-l,3-bis(trimethylammonium  bromide).  Symmetrical  dibromoacetone  was  sealed  with  a  two¬ 
fold  excess  of  trimethylamine.  The  reaction  proceeded  with  evolution  of  heat  and  after  only  20-30  minutes,  a 
precipitate  of  salt  appeared.  The  ampul  was  opened  after  several  days.  The  salt  was  very  hygroscopic  and  yel¬ 
lowish  in  color.  It  had  a  pungent  odor. 

Found  %:  N  8.23,  8.28.  C9H220N2Br2.  Calculated  %:  N  8.38. 

(3-Cyanopropyl)trimethylammonium  chloride.  y-Chlorobutyronitrile  was  treated  with  a  two-fold  excess  of 
trimethylamine.  The  ampul  was  opened  aftei  2  months.  The  salt  was  slightly  hygroscopic.  It  was  readily  soluble 
in  water. 
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Found  N  15.8,  16.4.  CtHuNjCI.  Calculated  %  N  17.23. 

Trimethylallylamnionium  iodide.  To  allyl  iodide  was  slowly  added  trimethylamine  with  intense  cooling 
(-25*).  The  reaction  evolved  heat.  The  salt  was  analyzed  after  several  days. 

Found  %:  N  7.48,  7.62.  CgH^NBr.  Calculated  %  N  7.77. 

Trimethylcrotylammonium  chloride.  The  reaction  between  crotyl  chloride  and  trimethylamine  in  a  sealed 
ampul  proceeded  rapidly  and  was  practically  complete  after  40  hours.  Qilorine  was  determined  in  the  salt  by  ti¬ 
tration. 

Found  %  Cl  23.71.  C7H1JNCI.  Calculated  Cl  23.74. 

Divinyl-1.4-bis(trimethylammonium  bromide)[8].  Into  an  ethereal  solution  of  divinyl  dibromide  was  slow¬ 
ly  run  cooled  trimethylamine.  The  reaction  was  practically  complete  after  several  minutes.  Without  solvent  and 
with  insufficient  cooling,  the  contents  of  the  tubes  were  thrown  out.  The  yield  was  quantitative. 

Found  Br  (ionic)  47.95.  CioHj4N2Br2.  Calculated  ’’Iv.  Br  48.22. 

3-Hexene-2,5-bis(trimethylammonium  bromide).  The  reaction  between  2,5-dibromo-3-hexene  and  tri¬ 
methylamine  went  very  vigorously  and  necessitated  change  of  diluent  (ether,  benzene).  The  reaction  was  car¬ 
ried  out  in  a  flask  fitted  with  stirrer.  The  mixture  was  well  sealed  and  set  aside  at  room  temperature  for  several 
days.  The  yield  was  quantitative. 

Found  %  N  7.65;  Br  43.88.  CijH^gNjBri.  Calculated  %  N  7.77;  Br  44.44. 

Thermal  decomposition  of  propylene  bis(trimethylammonium  hydroxide),  trimethylene  bis(trimethyIammo- 
nium  hydroxide)  and  trimethylallylammonium  hydroxide.  The  ammonium  salt  was  placed  in  a  Wurtz  flask,  into 
which  was  run  4(FJ5)  KOH  solution^  amounting  to  a  lO^o  excess  over  the  calculated  quantity.  The  flask  was  slowly 
heated.  Evolution  of  gas  was  noted  even  at  the  start  of  heating.  The  gas  was  washed  with  water,  weak  sulfuric 
acid  and  was  collected  in  a  gasometer.  The  total  content  of  unsaturated  compounds  in  the  gas  was  determined  by 
absorption  of  bromine  water;  content  of  allylene  was  determined  byi  absdrplidn  with  an  ammoniacal  solution  of 
silver  oxide.  Trimethylallylammonium  hydroxide  decomposition  products  were  salted  out  w^ith  potash.  The  upper 
layer  was  separated  off,  dried  and  distilled^,  It  boiled  in  a  wideirange  (60'-137!>.  W^h' ammoniacal  silver  oxide 
solution  in  the  cold  it  gave  a  silver  mirror,  indicating  an  unsaturated  tertiary  amine  [3]. 

The  yields  of  allylene  (in  %)  on  decomposition  of  hydroxides:  propylene  bis( trimethylammonium  hydroxide), 
90,  trimetliylene  bis  (trimethylammonium  hydroxide),  85,  trimethyllallylammonfum  hydroxide,  56*^0. 

Decomposition  of  (3-cyanopropyl)trimethylammonium  hydroxide.  (3-cyanopropyl)trimethylammonium  chlo¬ 
ride  was  placed  in  a  Wurtz  flask,  to  which  was  added  a  small  (40%)  excess  of  alkali.  The  flask  was  heated  on  a 
small  flame.  Water  and  the  decomposition  products  were  collected  in  a  receiver.  On  completion  of  distillation, 
the  contents  of  the  Wurtz  flask  were  dissolved  in  water,  acidified  with  sulfuric  acid  and  extracted  with  ether.  Af¬ 
ter  evaporation  of  the  ether,  a  crystalline  acid  remained  with  m.p.  60*,  which  after  crystallization  from  alcohol, 
had  m.p.  68*.  A  mixed  sample  of  this  acid  with  crotonic  acid  melted  without  depression  (68-70*). 

SUMMARY 

1.  Twenty  ammonium  salts  were  prepared  from  trimethylamine  and  halogenated  derivatives,  differing  in 
the  number  of  halogen  atoms,  their  mutual  arrangement,  and  the  degree  of  substitution  shown  by  the  halogen-con¬ 
taining  carbon. 

2.  It  was  shown  that  the  thermal  decomposition  of  propylene  bis-  and  trimethylene  bis(trimethylammonium 
hydroxide)  gives  allylene  in  85-90%  yields.  Trimethylallylammonium  hydroxide  also  shows  decomposition  with 
the  formation  of  allylene,  but  here  the  yields  are  considerably  lower  (56%).  We  were  unable  to  show  the  presence 
of  allene  in  any  of  these  cases. 

3.  As  the  result  of  rearrangement,  crotonic  acid  is  formed  in  the  thermal  decomposition  of  (3-cyanopropyl) 
trimethylammonium  hydroxide. 
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OZONIZATION  OF  UNSATURATED  COMPOUNDS 


II.  A  STUDY  OF  THE  CURVES  FOR  THE  ABSORPTION  OF  OZONE  BY 
UNSATURATED  COMPOUNDS  AND  THEIR  MDCTURES 

A. I.  Yakubchik  and  N.G.  Kasatkina 


To  elucidate  the  influence  of  the  structure  of  unsaturated  compounds  (number  and  arrangement  of  the  sub¬ 
stituents  on  the  carbon  atoms  with  a  double  bond)  on  the  rate  at  which  ozone  adds  to  them,  we  constructed  the 
curves  for  the  absorption  of  ozone  by  various  unsaturated  compounds  and  their  mixtures.  The  curves  for  the  ab¬ 
sorption  of  ozone  by  mixtures  of  ethylene  compounds  with  the  same  substitution  character  proved  to  be  parallel 
to  the  abscissa  over  nearly  the  whole  extent  of  the  process  (for  example  Fig.  1,  Curve  3).  These  curves  are  in  no 
way  different  from  the  curves  for  the  absorption  of  ozone  by  individual  compounds  with  either  a  double  bond  or 
with  two  isolated  double  bonds.  The  curves  for  the  absorption  of  ozone  by  mixtures  of  unsaturated  compounds  with 
different  degrees  of  substitution  also  have  the  same  character  (Fig.  1,  Curve  2;  Fig.  2,  Curves  1-4;  Fig.  3,  Curve 
3;  Fig.  4,  Curve  4*  ).  The  last  circumstance  is  evidence  that  the  double  bonds  of  unsaturated  compounds,  show¬ 
ing  different  degrees  of  substitution,  are  ozonized  simultaneously. 


Fig.  1.  Ozone  absorption  curves,  1)  Vinylbutylacety- 
lene;  2)  mixture  of  allyl  alcohol  (49.4%)  and  methyl- 
tert-butylethylene  (50.6%);  3)  mixture  of  allyl  alco¬ 
hol  (45.2%)  and  styrene  (54.8%);  4)  mixture  of  ethyl 
acrylate  (53.1%)  and  elaidic  acid  (46.9%). 


•  After  saturation  of  the  double  bonds  the  ozone  is  consumed  at 
ring  or  oxidation  of  the  >C  =  O  group. 


/ 


Fig.  2.  Ozone  absorption  curves.  1)  Mixture 
of  allyl  alcohol  (68.3%)  and  elaidic  acid 
(31.7%);  2)  mixture  of  allyl  alcohol  (65.5%) 
and  tetramethylethylene  (34.5%);  3)  mix¬ 
ture  of  allyl  alcohol  (50.87o)  and  elaidic  acid 
(49.2%);  4)  mixture  of  allyl  alcohol  (33.9%) 
and  elaidic  acid  (66.1%). 

a  slower  rate  on  either  ozonization  of  the  benzene 
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Fig.  3.  Ozone  absorption  curves.  1)  Isopropenyl- 
aeetyl;  2)  mixture  of  diallyl  (39.7‘7n)  and  dimeth- 
ylacetylene  (60.37o);  3)  mixture  of  methyl -tert- 
butylethylene  (46.770)  and  tetramethylethylene 
(53.37o). 


Fig.  4.  Ozone  absorption  curves.  1  and  2)  Mixture  of 
diallyl  and  diisopropenyl;  3).  mixture  of  ethyl  cinna- 
mate  (58.l7o)  and  elaidic  acid  (41.97o);  4)  mixture  of 
styrene  (36.l7o)  and  elaidic  acid  (63.97o). 


7>  ozonization 


Fig.  5.  Typical  forms  ot  the  curves  for  the  ab¬ 
sorption  of  ozone  by  various  unsaturated  com¬ 
pounds.  Explanation  in  the  text. 


The  curve  for  the  absorption  of  ozone  by  a  mix¬ 
ture  of  elaidic  acid  and  ethyl  cinnamate  has  a  break 
(Fig.  4,  Curve  3).  The  double  bond  of  the  ethyl  cin¬ 
namate,  found  in  conjugation  with  the  double  bond  of 
the  >C  =  O  group,  adds  ozone  at  a  slower  rate  than 
does  the  double  bond  of  elaidic  acid,  in  which  molecule 
the  >C  =  O  group  is  removed  from  the  ethylene  bond. 

In  unsaturated  compounds,  having  the  >C  =  O  group  in 
conjugation  with  the  ethylene  bond,  the  ir  -electrons  of 

the  latter  CH3-  CH  =  CH—  CcT _ are  shifted  toward 

(A) 


OR 


the  >C  =  O  (A)  group.  Consequently,  a  distant  ethylene 
bond  adds  ozone  at  a  faster  rate  than  does  a  double  bond 
that  is  in  conjugation  with  the  >C  =  O  group,  since  in 
the  latter  case  a  reduction  in  electron  density  lowers  the 
rate  of  ozone  addition.  A  similar  curve  was  also  ob¬ 
tained  for  a  mixture  of  elaidic  acid  with  ethyl  acrylate 
(Fig.  1,  Curve  4). 


Earlier  [1]  we  had  shown  the  curves  for  the  absorption  of  ozone  by  unsaturated  compounds  having  a  conju¬ 
gated  system  of  double  bonds.  These  curves  have  a  break  at  the  point  of  507o  ozone  addition,  calculated  for  the 
saturation  of  two  double  bonds.  In  the  ozonization  of  mixed  unsaturated  hydrocarbons,  having  a  conjugated  sys¬ 
tem  of  double  bonds  with  diallyl  -  a  hydrocarbon  showing  isolated  double  bonds,  the  same  character  of  the  ozone 
absorption  curves  is  retained  as  for  the  individual  hydrocarbons  with  a  conjugated  system  of  double  bonds,  but 
here  a;  reduction  in  the  rate  begins  after  both  of  the  double  bonds  in  diallyl  and  one  double  bond  of  the  conjugated 
system  have  been  saturated  (Fig.  4,  Curves  1  and  2;  the  percent  of  ozone,  needed  to  saturate  both  of  the  double 
bonds  in  diallyl  and  one  double  bond  in  diisopropenyl  is  shown  on  the  curves  by  cross  marks;  on  the  first  curve  it 
is  727o,  and  667o  on  the  second). 


The  absorption  of  ozone  by  a  double  bond  and  a  triple  bond,present  in  either  the  same  or  in  different  mole¬ 
cules,  proceeds  at  a  different  rate  (Fig.  3,  Curves  1  and  2;  Fig.  1,  Curve  1).  The  slower  addition  of  ozone  to  the 
triple  bond  can  be  explained  by  a  number  of  specific  characteristics,  inherent  in  the  acetylene  bond.  The  triple 
bond  shows  electron -acceptor  properties.  Ozone,  possessing  great  electron  affinity,  will  react  with  the  electron- 
acceptor  triple  bond  at  a  slower  rate  than  it  does  with  the  double  bond.  A  quantitative  account  of  the  fragments 
in  the  decomposition  products  of  the  ozonide,  obtained  in  the  incomplete  ozonization  of  a  mixture  of  diallyl  and 
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dimethylacetylene,  supports  the  sequential  order  of  ozonizing  double  and  triple  bonds.  The  ozonization  of  a  mix¬ 
ture  of  diallyl  with  dimethylacetylene  was  terminated  after  both  of  the  double  bonds  in  diallyl  had  been  saturated. 
In  the  ozonolysis  products  90.5*70  of  the  carbon  skeleton,  based  on  taken  diallyl,  was  accounted  for. 

Typical  forms  of  the  curves  for  the  absorption  of  ozone  by  diverse  unsaturated  compounds  are  shown  in  Fig. 

5.  It  follows  from  an  examination  of  these  curves  that  unsaturated  compounds  can  ab’orb  either  a  whole  number 
of  moles  of  ozone  (Curves  3,4,5  and  6)  or  a  fractional  number  (Curves  1  and  2).  Curve  6  fails  to  show  a  break. 

The  substance,  to  which  such  an  ozone  absorption  curve  corresponds,  can  have  either  one  or  several  isolated 
double  bonds  ([1],  p.  1474;  Fig .  2,  Curve  1  and  Fig.  1,  Curve  3)  or  it  can  have  a  triple  bond  ([1],  p.  1474  ;  Fig. 

1,  Curve  4* ).  The  other  curves  show  a  break. 

Substances,  for  which  the  ozone  absorption  curves  are  similar  to  Curve  5  in  Fig.  5,  can  contain  both  double 
and  triple  bonds  (Fig.  3,  Curves  1  and  2;  Fig.  1,  Curve  1).*  *  Curve  4  in  Fig.  5  is  characteristic  for  compounds, 
containing  either  a  conjugated  system  of  double  bonds  ([1],  p.  1475;  Fig.  4,  Curve  1  and  Fig.  3,  Curve  2)  or  two 
double  bonds,  one  of  which  is  found  in  the  ring  ([1],  p.  1475;  Fig.  4,  Curve  2).  A  reduction  in  the  rate  occurs  at 
the  moment  of  bOPjo  ozone  addition. 

Curve  3  in  Fig.  5  corresponds  to  those  unsaturated  compounds  that  show  several  double  bonds,  of  which  two 
are  found  in  conjugation.  A  reduction  in  the  rate  begins  not  at  the  moment  of  50%  ozone  addition,  but  instead 
considerably  later  (Fig.  4,  Curves  1  and  2).  Substances,  in  the  ozonization  of  which  ozone  absorption  curves  are 
obtained  that  are  similar  to  Curve  2  in  Fig.  5,  can  contain  several  double  bonds,  of  which  one  is  found  in  conju¬ 
gation  with  the  >C  =  O  group  (Fig.  1,  Curve  4).  Curve  1  in  Fig.  5  is  characteristic  for  compounds  that  contain: 
a)  either  double  or  triple  bonds  in  the  benzene  ring  ([1],  p.  1474;  Fig.  3,  Curve  1  and  Fig.  1,  Curve  5),  and  b) 
double  bonds  and  the  >C  =  O  group,  not  found  in  conjugation  with  a  double  bond  ([1],  p.  1474  ;  Fig.  1,  Curve  2 
and  Fig.  2,  Curve  2).  A  whole  number  of  moles  of  ozone  are  added  at  the  point  where  the  rate  drops  sharply.  The 
number  of  double  and  triple  bonds  can  be  calculated  from  that  portion  of  the  curve  up  to  the  reduction  in  rate. 

By  utilizing  the  indicated  scheme  for  the  separation  of  the  ozone  absorption  curves  it  becomes  possible  to 
judge  from  the  form  of  the  curve  the  character  of  the  multiple  bonds  and  their  mutual  arrangement  in  an  unknown 
unsaturated  compound  with  a  known  molecular  weight.  The  number  of  multiple  bonds  can  be  determined  from  the 
amount  of  added  ozone. 

EXPERIMENTAL 

The  method  of  obtaining  absorption  curves  for  ozone  was  described  previously  [1].  The  experimental  data 
of  the  present  work  are  given  in  Table  1. 


Study  of  the  Products  of  Ozonolysis  at  Various  Stages  of  Ozonization 

A.  Styrene  was  ozonized  four  times;  during  the  course  of  the  work,  the  process  of  ozone  absorption  was 
stopped  at  various  stages  in  different  experiments.  Formic  acid  and  formaldehyde  were  present  in  the  ozonolysis 
products 


CgHgCH  =  CHj^  C5H5CH-CH2 


Pj 


CeHjC 


1 


+ 


*  In  order  to  determine  what  kind  of  multiple  bonds  were  contained  in  the  investigated  substance,  it  was  necessary 
to  plot  ozone  absorption  curves  for  a  mixture  of  this  substance  with  known  ethylene  or  acetylene  compounds.  If  a 
continuous  curve  was  obtained  in  the  first  case,  the  investigated  substance  contained  a  double  bond;  if  a  continuous 
curve  was  obtained  in  the  second  case,  the  investigated  substance  contained  a  triple  bond. 


**  The  number  of  double  bonds  may  be  calculated  from  the  number  of  moles  of  ozone  absorbed  up  to  the  reduc¬ 
tion  of  speed,  and  the  number  of  triple  bonds  by  the  number  of  moles  of  ozone  absorbed  at  the  lower  speed. 
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TABLE  1 


%  Ozone 

Substance 

Boiling 

2  i 

Add  to 

> 

zi 

point 

ja  6*3  " 
3  o  «»  5 

ri  Cl  22 

mixture 

l1 

_ 

li 

Vinylbtitylacetylene  * 
jallyl  alcohol 

mixture^  methyl-tert-butylethylene 

( allyl  alcohol 
mixture  I 

Imixturel^hyl  acrylate 

(e  la  idle  acid 
I  allyl  alcohol 
mixturejeiaidic  acid 

j  ,  f  allyl  alcohol 
imixiure^  tetramethylethylene 

ml  vt. TO  I  allyl  alcohol 
"’‘^'^'’^^[elaidic  acid 

•  »  allyl  alcohol 
mixture)  ,  .. 

\elaidic  acid 

Isopropenylacety  iene  • 

/  diallyl 

mixture^  dimethylacetylene 

inixt,ire/"’®‘hyl-tert-butylethylene 

( tetramethylethylene 
( diallyl 

mixturej  diisopropenyl 

mixture! 

\  diisopropenyl 


mixture! ethyl  cinnamate 

(elaidic  acid 


mixtur 


i 


styrene 
elaidic  acid 


63-64°  UUmn)  100.0 


95-%.5 

77.5- 78 

95— %.5 
33-34  (lOmn) 

97—98 

50-51  (m.p.  ) 

95-%.5 
50-51  (m.p.) 

95-%.5 

71.5- 72 

95-96.5 
50—51  (m.p.  ) 

95-%.5 
50—51  (m.p.) 

33-34 

58-59 

27—28 

77.5- 78 

71.5- 72 

58-59 

68-69 

58—59 

68-69 

270-271 
50 — 51  (  m.p. ' 

33-33.5  ilOmrd 
50—51  (m.p. ) 


49.4 

50.6 

45.2 

54.8 

53.1 

46.9 

68.3 

31.7 

65.5 

34.5 

50.8 

49.2 

33.9 

66.1 

100.0 

39.7 

60.3 

46.7 

53.3 

43.8 

56.2 

32.2 

67.8 

58.1 

41.9 

36.1 

63.9 


99.2 
107.8 

109.0*’' 

127.7  •* 

j  122.0  *• 


} 


98.5 

123.0** 

112.5  *’ 
101.1 
100.0 

106.0 


\  100 


98.8 


133.1 


124.6*’ 


*  The  isopropenylacetylcne  and  vinylbutylacetylene  hydrocarbons  were  obtained  by  us  from 
A. A.  Petrov,  and  we  express  our  gratitude  to  him. 

**  The  quantity  of  ozone  exceeding  lOO^o  was  spent  after  saturation  of  the  double  bonds  for 
the  ozonation  of  the  benzene  ring  (styrene)  or  for  oxidation  of  the  >0  =  0  group  (elaidic 
acid,  esters). 


In  all  four  experiments  the  conditions  under  which  the  analyses  were  carried  out  were  identical.  Styrene 
(b.p.  3.3-33.5*  at  10  mm)  was  ozonated  in  chloroform  (b.p.  61*)  at  -30*.  From  the  ozonide  solution  in  chloroform 
the  solvent  was  driven  off  at  20-22*  (15  mm)  until  constant  weight.  In  E  xperiments  3  and  4  (Table  2),  the  pres¬ 
sure  was  reduced  to  2  mm  so  that  the  remaining  unozonated  styrene  could  be  driven  off.  The  ozonide  was  de¬ 
composed  with  water  on  heating  to  the  boil  in  a  flask  fitted  with  reflux  condenser.  Formic  acid  was  quantitatively 
determined  by  reduction  of  mercuric  chloride  to  mercurous  [2]  in  the  aqueous  solution  of  the  ozonolysis  products 
and  fomialdehyde  was  determined  by  its  condensation  products  with  6-naphthol  [3].  The  results  are  given  in 
Table  2. 

B.  A  mixture  of  diallyl  and  dimethylacetylene  was  ozonated  in  ethyl  chloride  at  -70*  until  decrease  in 
rate,  i.e.  until  addition  of  ozone  to  the  two  double  bonds  of  diallyl: 
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The  solvent  was  driven  off  from  the  ozonide  solution  at  20*  and  the  unozonated  dimethylacetylene  at  20*  under 
150  mm  pressure.  The  ozonide  was  decomposed  with  water.  Water  was  driven  off  from  the  ozonolysis  products 
at  reduced  pressure  (150  mm  at  start  of  experiments  and  50  mm  towards  end)  and  at  a  temperature  of  60-70*. 
The  ozonolysis  products  were  divided  into  a  viscous  liquid  and  a  crystalline  portion. 

TABLE  2 


Exp. 

No. 

Weight 
of  styrene 

(In  g) 

Percentage 
added  ozone 
with  respect 
to  percentage 
calculated  on 
double  bond 

Weight  (in  g) 

Percentage 
carbon,  de¬ 
termined  in 
Iformaldehyd 

1  and  formic  an 

formalde¬ 

hyde 

[  formic  1 
1  acid 

1 

6.22 

100.4 

0.248 

2.099 

90.11 

2 

4.05 

100.9 

0.049 

1.546 

90.58 

3 

7.97 

50.6 

0.416 

0.973 

45.65 

4 

7.03 

51.2 

1  0.227 

1 

1.102 

46.61 

The  crystalline  substance,  recrystallized  from  hot  water,  had  m.p.  182-183*,  which  corresponded  to  the 
melting  point  of  succinic  acid.  A  mixed  sample  with  chemically  pure  succinic  acid  gave  no  melting  point  de¬ 
pression. 


Found  <7rt  C  40.45;  H  5.38,equiv.59.32.C4H804.  Calculated  fo:  C  40.66;  H  5.13,  equiv..59.02. 


The  viscous  liquid  had  b.p.  132-135*  at  14  mm,  which  is  near  the  boiling  point  of  aldehydosuccinic  acid. 
(Literature  data  give  b.p.  134-136“  at  14  mm  [4]). 

Founder  C  46,86;  H  6. 56;equiv.  100.87,  M  103.0..  C4H6O3.  Calculated  <70:  C  47.03;  H  5.92;equiv.  102.05. 
M  1C2.05. 

The  aqueous  distillate,  which  contained  aldehydes  and  acids,  was  neutralized  and  the  aldehydes  were  dis¬ 
tilled  off  together  with  water.  We  obtained  the  p-nitrophenylhydrazone  of  succinic  aldehyde  [5].  M.p.  177-178* 
(from  alcohol).  The  literature  for  it  gives  m.p.  178*.  The  results  are  given  in  Table  3. 


TABLE  3 


Weight  (in  g) 

Carbon  content  (in  ’’Jo) 

Diallyl 

Succinic 

acid 

Aldehydo¬ 

succinic 

acid 

Succinic 

aldehyde 

1  Succinic 
acid 

Aldehydo¬ 

succinic 

acid 

Succinic 

aldehyde 

5.92 

2.05 

4.02 

0.73 

24.00 

54.62 

11.85 
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A  total  of  90.5*70  carbon  skeleton  was  accounted  for  in  the  ozonolysis  products,  which  contained  4  carbon 
atoms.  Examination  of  the  added  ozone  by  the  ozone  absorption  curve  up  to  the  change  in  rate  permits  us  to  con¬ 
clude  that  at  first  both  double  bonds  of  diallyl  are  ozonated  and  that  at  a  lesser  rate  -  the  triple  bond  of  dimethyl- 
acetylene.  Analytical  data  coiroborate  this  conclusion:  90.5*70  of  the  carbon  skeleton  of  diallyl  was  found  in  the 
form  of  succinic  acid,  aldehydosuccinic  acid  and  succinic  aldehyde. 

The  literature  describes  cases  in  which  on  decomposition  of  ozonides  of  unsaturated  compounds,  together 
with  the  products  that  formed  according  to  the  general  scheme  there  were  detected  substances  which  could  have 
resulted  from  side  reactions  [6-8].  In  the  case  of  ozonation  of  styrene  and  in  the  case  of  incomplete  ozonation  of 
a  mixture  of  diallyl  and  dimethylacetylene,  we  accounted  for  about  90*7o  carbon  skeleton.  This  incomplete  ac¬ 
count  of  carbon  skeleton  in  the  ozonolysis  products  may  be  explained  by  the  fact  that  in  the  decomposition  of  the 
ozonides  of  styrene  and  diallyl,  side  reactions  might  have  occured,  which  resulted  in  products  that  were  not  fore¬ 
seen  in  the  general  scheme  of  ozonolysis  and  were  not  accounted  for  by  us.  Moreover,  the  hypothesis  is  plausible 
that  in  the  reaction  zone  at  a  more  rapid  rate.there  occurs  a  partial  ozonation  of  the  triple  bond  concurrently 
with  the  double  bond, as  in  the  reaction  zone, at  a  lesser  rate, there  occurs  a  partial  ozonation  of  the  double  bond 
concurrently  with  ozonation  of  the  triple  bond.  It  is  possible  that  during  the  ozonation  of  styrene  there  occurs 
partial  ozonation  of  the  benzene  ring, simultaneously  with  ozonation  of  the  double  bond, in  the  same  manner  as, 
simultaneously  with  the  aromatic  ring, there  occurs  partial  ozonation  (about  IQPjo)  of  the  double  bond. 

The  method  of  obtaining  ozone  absorption  curves  which  we  devised  was  used  by  A. I.  Lebedeva,  T.A,  Mish- 
nina  and  R.P.  Ryskina  for  the  ozonation  of  certain  acetylenic  compounds  [9]. 

SUMMARY 

1.  Unsaturated  compounds  can  add  either  a  whole  or  a  fractional  number  of  moles  of  ozone.  A  fractional 
number  of  moles  of  ozone  is  absorbed  by  compounds  that  contain  a  >C  =  O  group,  the  tert- butyl  radical  and  the 
benzene  ring. 

2.  Compounds  that  absorb  a  whole  number  of  moles  of  ozone  correspond  to  the  ozone  absorption  curves: 

1)  without  a  break  (compounds  having  either  one  or  several  isolated  double  bonds,  and  acetylene  compounds),  and 

2)  with  a  break  (compounds  that  contain:  a)  double  and  triple  bonds,  b)  a  conjugated  system  of  double  bonds, 

c)  several  double  bonds,  of  which  two  are  found  in  conjugation,  and  d)  two  double  bonds,  one  of  which  is  found  in 
the  ring). 

3.  For  unsaturated  compounds,  showing  the  absorption  of  a  fractional  number  of  moles  of  ozone,  curves 
were  obtained  with  a  break,  characteristic  for  substances  that  contain:  a)  double  bonds  and  the  benzene  ring,  b) 
triple  bonds  and  the  benzene  ring,  and  c)  several  double  bonds,  of  which  one  is  found  in  conjugation  with  the 

>  C  =  O  group. 

4.  From  the  form  of  the  ozone  absorption  curves  it  is  possible  to  judge  as  to  the  character  of  the  multiple 
bonds  and  their  mutual  arrangement.  The  amount  of  ozone  at  different  portions  of  the  curve  can  be  calculated 
and  the  number  of  bonds  and  which  bonds  are  ozonized  first  and  at  the  fastest  rate  can  be  determined. 

5.  The  possibility  of  determining  the  structure  of  the  substance  being  ozonized  from  the  shape  of  the 
ozone  absorption  curve  was  confirmed  by  analyzing  the  ozonolysis  products  of  styrene  and  a  mixture  of  diallyl 
with  dimethylacetylene. 
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OXYGEN-CONTAINING  ORG  ANOSI  LICON  COMPOUNDS 

V.  PREPARATION  OF  ORGANOSILICON  COMPOUNDS 
M.F.  Shostako vsky,  I. A.  Shikhiev  and  V.I.  Belyaev 


In  previous  communications  [l-S]  it  was  shown  that  the  simple  vinyl  ethers  of  primary,  secondary  and  tert¬ 
iary  alcohols  easily  react  with  alkyl(aryl)silanois  in  the  presence  of  small  amounts  of  hydrochloric  acid.  In  this 
work  it  was  established  that  here  two  concurrent  reactions  proceed  simultaneously  -  both  acetalization  and  dehy¬ 
dration  of  the  silanols.  The  latter  reaction  is  especially  characteristic  for  the  lower  members  of  trialkylsilanols. 
(trimethyl-,  dimethylethyl-  and  methyldiethylsilanols),  which  in  the  presence  of  0.1  ml  of  hydrochloric  acid 
(for  0.2-0. 4  mole  of  starting  products)  form  instead  of  the  organosilicon  acetal  the  corresponding  disiloxane, 
symmetrical  alkyl  acetal  and  acetaldehyde. 

Only  the  use  of  trace  amounts  of  hydrochloric  acid  (0.003  g  for  0.2-0 .4  mole  of  starting  products)  leads  to 
the  formation  of  the  organosilicon  acetal.  In  general  form  the  formation  of  organosilicon  acetals  from  simple 
vinyl  ethers  and  silanols,  from  the  viewpoint  of  the  oxonium  theory,  developed  by  one  of  us  [6],  can  be  shown  by  the  schemes 


(ROflSiOH 

HCl 

-i-HOSi(R')3 


CH2=CH— OR 


HCl 

/  -+-HOR  \-+-HOSi(R')3 


(R')3SiOSi(R')3 


HgO  CH2=CH— OR 

f 

t 

HOH 

.O 

CH3C\pj  HOR 


CHa^CH— OR  CH2=CH-0R 
I  t  : 

HOR  HOSi(R')3 

OR  /OR 

CH3CH  CH3-CH 


\ 


OR 


^OSi(R')3 


In  this  work  it  was  also  shown  that  the  acetalization  reaction  for  trimethylsilylmethanol  and  trimethylsilyl- 
y-propanol  proceeds  with  excellent  yield  under  conditions  analogous  to  those  used  in  the  case  of  organic  alcohols 
[6],  in  accord  with  the  scheme: 

^OAlk 

CH2=CH-0— Aik  ■+■  HO(CH2)»Si(CH3)3  — >  CH3— CH 

\o(CH2),Si(CH3)3. 

where  n  =  1  and  3, 

Together  with  this,  one  of  us  had  also  studied  earlier  [7]  the  previously  unknown  reaction  of  simple  vinyl 
ethers  with  a  y -organosilicon  alcohol,  where  the  structure  of  the  butyl  trimethylsilylpropyl  acetal  was  proved  in 
two  ways: 

(CH3)3SiCH2CH2CH20H  ch.=ch-o-c,h.  /OC4H9 

c  H  OH  — ►CHsCH 

^CH3)3SiCH2CH2CH20CH=CH2  — \oCH2CH2CH2Si(CH3)3. 
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The  synthesis  of  the  indicated  mixed  organosilicon  acetal  at  the  same  time  also  demonstrates  the  structure 
of  this  class  of  acetals. 


EXPERIMENTAL 

1.  ButyltrimethylsilyL  acetal.  In  an  ampul  (cooled  to  -10** )  was  placed  10  g  (0.2  mole)  vinylbutyl  ether 
(b.p.  92-93*.  ng”  1.4026,  df  0.7^3),  18  g  (0.2  mole)  trimethylsilanol  (b.p.  98-98.6*  at  757  mm,  nf^  1.3892,  df 
0.8139)  and  to  this  was  added  about  0.003  g  33^70  hydrochloric  acid.  The  scaled  ampul  was  heated  in  a  thermostat 
at  65-67*  for  12  hours ;  it  was  then  opened  and  its  contents  were  dried  with  potash  and  vacuum -distilled.  Fractions 
were  separated  at  17  mm;  1st  52-55*,  4.2  g  (nf)  1.3992),  2nd  56-56.5*,  21.6  g. 

The  substance  with  b.p.  56-56.5*  at  17  mm  was  butyltrimethylsilyl  acetal.  Yield  56.84%,  based  on  taken 
vinylbutyl  ether;  the  constants  and  analytical  data  for  the  substance  are  given  in  the  table. 

To  sum  up  the  investigation  that  was  carried  out  on  the  reaction  of  vinyl  ethers  with  triethyl-,  dimethyl- 
phenyl-  and  diethylphenylsilanols  and  a-  and  y- organosilicon  alcohols  in  the  presence  of  0.1  ml  hydrochloric  acid, 
the  corresponding  organosilicon  acetals  were  obtarned,  the  characteristics  of  which  are  given  in  the  table. 

SUMMARY 

1.  It  was  established  that  two  concurrent  reactions  proceed  srmultaneously  in  the  reaction  of  simple  vinyl 
ethers  with  silanols-  acetalization  and  dehydratron  of  the  silanols. 

2.  Based  on  the  oxonium  theory  a  scheme  was  proposed  for  the  formation  of  acetals  from  simple  vinyl 
ethers  and  silanols. 

3.  Ten  new  mixed  organosilicon  acetals  were  synthesized  and  described. 


LITERATURE  CITED 

[1]  M.F.  Shostakovsky,  I. A,  Shikhiev  and  D.A.  Kochkin,  Bull.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.,  941  (1953) 
(T.p.  837)*! 

[2]  M.F.  Shostakovsky,  K.A.  Andrianov,  I. A.  Shikhiev  and  D.A.  Kochkin,  Proc.  Acad.  Sci.  USSR,  93,  681 
(1953). 

[3]  M.F.  Shostakovsky,  l.A.  Shikhiev,  V.M.  Vlasov  and  V.I.  Belyaev,  Proc.  Acad.  Sci.  Azetbaiiizhan  SSR. 

10,  473  (1954). 

[4]  M.F.  Shostakovsky,  l.A.  Shikhiev,  D.A.  Kochkin  and  V.I.  Belyaev,  J.  Gen,  Chem.,  24,  202  (1954) 

(T.p.  203).* 

[5]  M.F.  Shostakovsky,  Kh.I.  Kondratyev  and  V.I.  Belyaev,  Proc.  Acad.  Sci.  USSR,  100,  287  (1955). 

[6]  M.F.  Shostakovsky,  Vinyl  Ethers,  Moscow  (1952). 

[7]  l.A.  Shikhiev,  Proc.  Acad.  Sci.  Azerbaidzhan  SSR,  11,  195  (1955). 


Received  April  30,  1955 


Institute  of  Organic  Chemistry  of  Academy  of  Sciences  USSR 


•Cooling  to  -10*  is  necessary  to  prevent  the  dehydration  reaction  of  trimethylsilanol. 
*  *T,p.  =  C.B.  Translation  pagination. 
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CATALYTIC  AMINATION  OF  ORGANIC  COMPOUNDS 


III.  THE  CATALYTIC  AMINATION  OF  ETHERS  AND  ESTERS  OF  PHENOL 

N.S.  Kozlov  and  L.F.  Akhmetshina 


In  our  previous  communication  [1]  we  had  studied  the  catalytic  amination  of  phenols  with  compressed  am¬ 
monia.  Here  it  was  established  that  the  introduction  of  compressed  ammonia  into  the  reaction  strongly  facilitates 
the  conversion  of  phenols  into  aromatic  amines. 

To  develop  this  direction  we  investigated  in  the  present  study  the  catalytic  amination  of  the  ethers  and  esters 
of  phenol  with  compressed  ammonia.  This  type  of  study  had  not  been  made  before.  The  phenol  ethers  and  esters 
subjected  to  amination  were;  anisole,  phenetole,  phenyl  butyl  ether,  .diphenyl  ether,  and  finally,  phenyl  acetate. 

It  was  revealed  that  the  amination  of  the  phenol  ethers  and  esters  proceeds  only  if  the  reaction  is  run  at  450-575’ 
in  the  presence  of  aluminum  oxide  and  with  the  introduction  of  ammonia,  compressed  to  8-9  atmospheres.  Under 
these  conditions  we  obtained  aniline,  p-toluidine  and  p-cresol  from  anisole;  and  aniline,  o-ethylaniline,  o-ethyl- 
phenol  and  ethylamines  from  phenetole.  From  butyl  phenyl  ether  we  obtained- aniline  and  butylene.  The  only 
amination  product  isolated  from  the  diphenyl  ether  proved  to  be  aniline. 

From  the  literature  [2-5]  it  is  known  that  the  passage  of  the  vapors  of  phenol  ethers  over  oxide  catalysts 
heated  to  400*  results  in  their  pyrolysis  with  the  formation  of  aromatic  hydrocarbons.  In  our  experiments  it  was 
shown  that  the  pyrolysis  of  phenol  ethers  fails  to  proceed  in  a  compressed  ammonia  atmosphere  at  elevated  temp¬ 
eratures.  Only  cleavage  of  the  phenol  ethers  by  the  ammonia  proceeds  under  these  conditions,  a  fact  that  has 
not  been  mentioned  before  in  the  literature. 

The  formation  of  aromatic  amines  from  ammonia  and  phenol  ethers  can  be  depicted  by  Equations  (1)  and 
(2),  which  were  proposed  earlier  [6]  for  the  ammonolysis  of  straight  ethers.  The  formation  of  alkylated  phenols 
and  fatty-aromatic  amines  in  these  reactions  is  most  probably  explained  by,  first,  the  isomeric  transformation  of 
the  phenol  ethers  into  alkylated  phenols  with  subsequent  amination  of  the  isomerization  product  and,  second,  as 
the  result  of  the  isomeric  transformation  of  the  fatty-aromatic  amines  into  primary  aromatic  alkylamines.  This 
type  of  representation  is  supported  by  literature  data  [7,8]. 

The  reaction  of  phenyl  acetate  with  ammonia  was  studied  earlier  by  Sabatier  [9],  who,  on  passing  vapors  of 
phenyl  acetate  with  ammonia  over  catalysts  (either  aluminum  oxide  or  thorium  oxide)  heated  to  480-490’,  ob¬ 
tained  phenol  and  acetonitrile.  Consequently,  in  that  reaction,  only  one  part  of  the  phenyl  acetate  suffered  am¬ 
ination.  Under  our  studied  conditions  we  obtained  aniline  and  acetonitrile  from  phenyl  acetate  and  compressed 
ammonia.  We  were  the  first  to  realize  this  transformation  of  phenyl  acetate  into  aniline  and  acetonitrile. 

EXPERIMENTAL 

The  experiments  involving  catalytic  amination  of  phenol  ethers  and  esters  were  carried  out  as  follows.  A 
weighed  portion  of  the  ether  (ester)  in  the  ammonium  stream  was  passed  at  a  fixed  rate  over  the  heated  catalyst 
(pressed  active  aluminum  oxide).  The  experiments  were  carried  out  in  the  previously  described  apparatus  [10]. 

The  dependence  was  studied  of  the  yield  of  reaction  products  on  the  temperature,  ammonia  pressure  and  rate  of 
introduction  on  the  substance  on  the  catalyst.  It  was  found  that  when  ammonia  was  introduced  into  the  reaction 
under  ordinary  pressure  and  the  reaction  was  carried  out  at  a  temperature  below  400’,  there  was  no  formation  of 
aromatic  amines.  The  greatest  yield  of  aromatic  amines  was  obtained  in  the  case  when  the  reaction  was  carried 
out  at  450-475*,  when  the  ether  (ester)  was  introduced  at  the  rate  of  6-10  drops  per  minute  and  'when  compressed 
(to  8-9  atm.)  ammonia  was  introduced  into  the  reaction.  The  catalyzate  was  treated  in  accordance  with  the 
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usual  methods,  the  amines  were  isolated  through  salts  of  hydrochloric  acid  and  the  phenols  were  extracted  with 
alkali.  The  individual  amines,  phenols  and  neutral  products  that  were  obtained  were  distilled  and  analyzed.  The 
phenols  were  analyzed  according  to  S.S.  Nametkin's  method  [11]  and  the  amines  were  characterized  in  the  form 
of  crystalline  derivatives  of  phthalic  anhydride. 

1st  experiment.  From  the  catalyzate,  obtained  after  amination  of  23  g  anisol,  was  obtained  0.5  g  anisol,  7 
g  phenols  and  12  g  amines.  From  the  phenol  fraction  was  isolated  phenol  and  p-cresol.  Distillation  of  the  amines 
yielded  the  following  fractions:  1st  fraction,  b.p.  180-190",  5.0  g;  2nd  fraction,  b.p.  190-205",  4.0  g;  3rd  frac¬ 
tion,  205-245",  1.5  g:  residue  1  g.  From  these  fractions  were  isolated  aniline  and  p-toluidine,  which  were  char¬ 
acterized  by  the  crystalline  derivatives  of  phthalic  anhydride.  The  yield  of  amines  was  52.68‘7o  on  the  anisole 
taken  for  reaction. 

2nd  experiment.  From  the  catalyzate,  obtained  after  amination  of  23  g  phenol,  was  isolated  0.5  g  phenetole, 
7  g  phenols  and  10.4  g  amines.  The  phenols  distilled  in  the  range  180-220";  from  them  was  isolated  phenol  and 
o-ethylphenol  (b.p.  205-208",  dj®  1.0241;  the  o-ethylphenylhydroxyacetic  acid,  prepared  from  it,  had  m.p.  140- 
141";  literature  data  give  m.p.  141").  The  amines  were  initially  heated  in  a  Wurtz  flask  on  a  water  bath  and  the 
volatile  products  were  absorbed  in  a  hydrochloric  acid  washer.  Analysis  of  the  obtained  hydrochloride  by  the  K.G. 
Mizuch-A.Ya.  Savchenko  [12]  method  revealed  the  presence  of  ethylamine  and  diethylamine.  The  remaining 
amines  distilled  in  the  range  180-220";  from  this  fraction  was  isolated  aniline  and  o-ethylaniline  (b.p.  215-217", 
d*®  0.9871;  the  benzene  derivative  had  m.p.  146-147";  literature  data  give  m.p.  147").  The  yield  of  amines  was 
45.6^  on  the  phenetole  taken. 

3rd  experiment.  Amination  of  22  g  butyl  phenyl  ether  yielded  5.5  liter  gas  of  an  unsaturated  character, 
which  we  took  to  be  all  butylene.  9.1  g  amines  was  obtained;  no  aliphatic  amines  were  found  among  these.  Dis¬ 
tillation  yielded  the  following  amine  fractions:  1st  fraction  had  b.p.  180-190",  6.5  g;  2nd  fraction  had  b.p.  190- 
22o*.  2.0  g.  The  first  fraction  consisted  mainly  of  aniline.  No  butylaniline  derivatives  could  be  isolated.  Evi¬ 
dently,  both  butylamines  and  butylanilines  were  unstable  under  the  conditions  of  our  experiment.  Yield  of  amines 
was  66.7%  on  butyl  phenyl  ether  taken  for  reaction. 

4th  experiment.  Of  all  the  phenol  ethers  which  we  studied,  diphenyl  ether  proved  the  most  stable.  Thus, 
on  amination  of  18  g  diphenyl  ether,  from  the  catalyzate  was  isolated  13.3  g  initial  product  and  3.6  g  aniline. 

The  yield  of  aniline  was  18.3%  on  taken  or  70%  on  reacted  diphenyl  ether. 

5th  experiment.  After  amination  of  23  g  phenylacetate,  from  the  catalyzate  was  isolated:  1.5  g  initial 
product,  2  g  acetonitrile  (b.p.  79-83",  d*®  0.7917,  nj§  1.346)  and  14.7  g  aniline.  The  yield  of  acetonitrile  was 
28.9%  and  of  aniline  92.24%,  on  phenyl  acetate  taken  for  reaction.  We  believe  that  the  low  yield  of  acetonitrile 
was  due  to  the  fact  that  at  the  high  temperature  of  the  experiment,  acetonitrile  decomposed. 

SUMMARY 

1.  We  were  the  first  to  study  the  catalytic  amination  of  phenol  ethers  with  compressed  ammonia.  As  the  re¬ 
sult  of  ammonolysis  the  phenol  ethers  are  converted  into  aromatic  amines  with  small  amounts  of  aliphatic  amines 
as  impurities. 

2.  The  catalytic  amination  of  phenyl  acetate  with  compressed  ammonia  gave  aniline  and  acetonitrile. 
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ACTION  OF  NITROGEN  PEROXIDE  ON  UNDECYLENIC  ACID 


S.V.  Vasilyev 


In  connection  with  the  fact  that  the  double  bond  in  undecylenic  acid  is  considerably  removed  from  the  car¬ 
boxyl  group,  and  also  in  connection  with  the  presence  of  a  CH2  =  CH  —  group  in  the  molecule,  it  seemed  of  inter¬ 
est  to  determine  how  undecylenic  acid  would  behave  toward  nitrogen  peroxide  (2NO2). 

N.Ya.  Demyanov  [1]  established  that  hydrocarbons  of  the  ethylene  series,  containing  the  CHj  =  CH  -  group, 
under  treatment  with  nitrogen  peroxide  and  subsequent  reduction  give  diamines.  If  the  rule  established  by  N.Ya. 
Demyanov  is  also  observed  with  respect  to  unsaturated  acids,  then  undecylenic  acid,  under  treatment  with  nitrogen 
peroxide  and  subsequent  reduction,  should  give  the  corresponding  diamino  acid. 

Undecylenic  acid  was  treated  in  dry  ether  solution  at  0*  with  both  gaseous  and  liquid  nitrogen  peroxide. 

Treatment  of  the  undecylenic  acid  in  ether  solution  with  gaseous  nitrogen  peroxide  gave  a  liquid  addition 
product.  The  substance  decomposed  on  storage,  evolving  nitrogen  oxides;  here  a  crystalline  substance  deposited 
in  the  precipitate. 

On  the  basis  of  study  and  analytical  data  the  crystalline  substance  was  assumed  to  be  nitrohydroxyundecylenic 
acid.  As  regards  the  original  liquid  addition  product  ~,  on  the  basis  of  its  instability,  behavior  toward  water  and 
toward  alcoholic  alkali  solution  (the  liberation  of  either  nitrous  acid  or  its  salts),  and  also  judging  by  the  fact  that 
nitrohydroxyundecylenic  acid  is  obtained  from  it,  this  product  can  be  characterized  as  being  the  nitrite  ester  of 
nitrohydroxyundecylenic  acid. 

Treatment  of  undecylenic  acid  with  liquid  nitrogen  peroxide  under  the  same  conditions  gave  analogous  re¬ 
sults.  Thus,  the  gradual  addition  of  the  reagent  to  a  solution  of  75.0  g  of  the  acid  in  130  ml  of  ether  gave  108.5  g 
of  yellow  oily  addition  product.  The  substance  showed  the  properties  described  for  the  addition  product  obtained 
with  gaseous  nitrogen  peroxide;  it  was  soluble  in  ether,  alcohol  and  acetone;  when  shaken  with  water  it  evolved 
nitrous  acid.  When  allowed  to  stand  in  the  air  the  product  decomposed  with  the  liberation  of  nitrogen  oxides;  here 
the  crystalline  nitrohydroxyundecylenic  acid  (m.p.  121.5-122*)  was  deposited.  The  acetyl  derivative  of  the  acid 
melted  at  85-87*. 

Both  the  original  addition  product  and  the  nitrohydroxyundecylenic  acid,  either  under  prolonged  heating  with 
water  or  when  oxidized  with  potassium  permanganate,  are  decomposed  at  the  location  of  the  previously  existing 
double  bond  in  the  original  acid  with  the  formation  of  an  acid  having  a  lower  number  of  carbon  atoms. 

The  reduction  of  the  nitrohydroxyundecylenic  acid  with  tin  and  hydrochloric  acid  gave  a  small  amount  of 
the  hydrochloride  of  aminohydroxyundecylenic  acid.  Here  the  main  reaction  product  was  sebacic  acid  and  hy- 
droxylamine  hydrochloride.  The  use  of  other  reduction  methods  (tin  and  hydrochloric  acid  in  alcohol  medium, 
iron  filings  in  acetic  acid  solution,  metallic  sodium  in  anhydrous  alcohol,  ammoniacal  ferrous  sulfate  solution) 
failed  to  give  positive  results. 

Consequently,  the  treatment  of  undecylenic  acid  with  either  gaseous  or  liquid  nitrogen  peroxide  gave  the 
nitrosite,  which  then  underwent  transition  into  the  nitrohydroxyundecylenic  acid: 

CH2CH(CHj)8COOH  ^ 

ON(!)  NO2  HO  NO2 

The  secondary  nature  of  the  nitro  group  in  the  nitrohydroxyundecylenic  acid  was  shown  by  its  reactions  with 
potassium  nitrite  and  sulfuric  acid  and  by  the  M.I.  Konovalov  method  [2]. 


CHjCHfCHjlgCOOH. 
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Both  the  observations  made  during  our  work  and  the  experimental  results  revealed  that  moisture  plays  an 
essential  role  in  the  formation  of  the  crystalline  nitrohydroxyundecylenic  acid,  but  here  the  amount  of  water 
should  be  very  small. 

As  a  result,  when  the  results  of  the  studies  made  by  N.Ya.  Demyanov  and  K.V.  Sidorenko  [3,4]  on  ethylene 
hydrocarbons  are  compared  with  ours  [5,6],  a  relationship  is  found  to  exist  between  the  behavior  of  the  starting 
substances  toward  nitrogen  peroxide  and  their  structure.  In  our  case  the  nitrogen  peroxide  adds  to  undecylenic 
acid  in  such  a  manner  that  the  ONO  (or  OH)  group  adds  to  the  most  hydrogenated  carbon  atom,  and  the  NOj  group 
-  to  the  least  hydrogenated.  ' 


EXPERIMENTAL 

Addition  of  nitrogen  peroxide  to  undecyleni<^cid._  A  solution  of  73.0  g  undecylenic  acid  in  125  ml  dry 
ether  was  saturated  with  nitrogen  peroxide  at  0*.  As  the  gas  was  passed  in,the  solution  colored  yellow, which  be¬ 
came  green  and  then  went  to  brown.  When  saturation  of  the  double  bond  of  the  acid  was  complete,  the  solution 
was  filtered  and  on  cooling,  the  solvent  was  removed  by  a  stream  of  carbon  dioxide.  103.0  g  amber-colored  oily 
addition  product  was  obtained  with  an  iodine  number  of  0.  To  remove  the  excess  of  nitrogen  peroxide  and  other 
admixtures,  the  substance  was  transferred  to  a  separating  funnel  and  was  shaken  3  times  with  new  portions  of  dry 
low-boiling  petroleum  ether. 

The  analysis  for  nitrogen  gave  a  result  (7.96,  8.1770),  which  corresponded  to  a  mixture  of  mononitro  (C11H21NO5) 
and  dinitro  (CnHjoNjOg)  derivatives.  The  addition  product  was  soluble  in  ether,  ethyl  acetate,  alcohol,  acetone; 
it  was  insoluble  in  water,  petroleum  ether,  ligroine.  On  shaking  with  water,  nitrous  acid  separated  out  and  upon 
shaking  with  alcoholic  caustic  potash  solution,  the  nitrite  came  down. 

When  the  addition  product  was  heated  with  acetic  anhydride,  the  acetyl  derivate  was  obtained;  strong  le- 
sinification  took  place.  From  5.0  g  of  substance  taken  for  reaction,  0.4  g  of  crystalline  product  was  obtained  with 
m.p.  84.5-87*.  Analysis  of  the  acetyl  derivative  gave  the  following  result. 

Found  7o:  €  53.86,53.90;  H  8.16,  7.94;  N  4.95,  4.31.  CijH^jNOg.  Calculated  7«  €  53.98;  H  7.96;  N  4.84. 

On  standing  the  addition  product  was  decomposed,  gave  off  nitrogen  oxides  and  crystals  came  down.  After 
5-6  days  under  a  glass  bell  jar,  the  liquid  substance  had  completely  crystallized.  When  kept  without  access  of 
moisture,  the  substance  did  not  crystallize  for  a  long  time. 

The  crystalline  compound  was  in  the  form  of  light-yellow  flakes,  soluble  in  ether,  ethyl  acetate,  methyl, 
ethyl,  propyl,  butyl,  amyl  alcohols,  acetone,  carbon  tetrachloride;  it  was  insoluble  in  water,  petroleum  ether. 

M.p.  121-122*  (from  alcohol).  The  analytical  results  corresponded  to  nitrohydroxyundecylenic  acid. 

Found  Ts  €  53.75,  53.58;  H  8.40,  8.06;  N  5.62,  5.55.  CaHjiNOj.  Calculated  7o:  €  53.44;  H  8.5;  N  5.67. 

Heating  of  the  addition  product  with  water.  10.0  g  of  freshly  prepared  product  of  the  reaction  of  nitrogen 
peroxide  with  undecylenic  acid  was  heated  for  30  hours  with  100  ml  water  in  a  flask  fitted  with  reflux  condenser 
on  a  water  bath.  The  aqueous  layer  colored  yellow  and  contained  nitrous  acid.  On  cooling  the  solution,  a  color¬ 
less  precipitate  (6.6  g)  came  down.  The  crystalline  substance  was  soluble  in  ether,  alcohol,  ethyl  acetate,  ben¬ 

zene  and  chloroform.  After  recrystallization  from  alcohol,  the  substance  melted  at  129-130*.  A  mixed  sample 
with  sebacic  acid  gave  no  depression.  The  analytical  results  also  corresponded  to  sebacic  acid  (€  59.76,  59.487o; 

H  8.54,  8.7l7o).  Similar  results  were  obtained  upon  oxidation  of  the  addition  product  with  potassium  permanganate 
in  alkaline  as  well  as  in  neutral  medium. 

Reduction  of  nitrohydroxyundecylenic  acid.  200.0  g  tin  was  placed  in  a  flask  fitted  with  reflux  condenser, 
thermometer  and  dropping  funnel.  Hydrochloric  acid  and  nitrohydroxyundecylenic  acid  was  introduced  in  small 
portions.  On  adding  the  calculated  amount  of  hydrochloric  acid  and  33.0  g  substance,  the  reaction  mixture  was 
heated  on  a  water  bath.  The  reaction  liquid  was  filtered  off,  the  filtrate  was  cooled  and  the  precipitate  was  sep¬ 
arated  off;  the  yield  was  23.2  g  sebacic  acid,  m.p.  130-130.5*  (€  59.33,  59.687o;  H  8.31,  8.187').  The  filtrate 
from  the  sebacic  acid  was  treated  with  hydrogen  sulfide,  lead  oxide  and  was  then  steamed  to  dryness.  The  residue 
was  extracted  with  anhydrous  alcohol.  The  alcoholic  extract  was  cooled;  we  isolated  3.6  g  hydroxylamine  hydro¬ 
chloride  (m.p.  151-158.5*,  with  decomp.). 

On  removal  of  the  alcohol,  0.74  g  substance  was  isolated  which  contained  nitrogen  and  chlorine.  The  color¬ 
less  hygroscopic  compound  was  soluble  in  water  and  alcohol;  it  was  insoluble  in  ether.  The  prepared  compound 
melted  at  193-194.5*  (with  decomp.). 
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Found  <^^c;  C  45.61,  45.49;  H  9.57,  9.77;  N  4.68,  4.64;  0112.12,12.05.  CjiHjsNO,- HCl  •  2H2O.  Calcu¬ 
lated  C  45.59;  H  9.67;  N  4.84;  Cl  12.26. 

The  experimental  data  and  the  analytical  results  permit  characterization  of  the  obtained  compound  as  the 
hydrochloride  of  aminohydroxyundecylenic  acid. 


SUMMARY 

1.  It  was  established  that  the  double  bond  in  undecylenic  acid  is  completely  saturated  by  both  gaseous  and 
liquid  nitrogen  peroxide  with  the  addition  of  both  ONO  and  NOj  groups;  here  the  nitro  group  adds  to  the  least 
hydrogenated  carbon  atom,  and  the  ONO  group  to  the  most  hydrogenated. 

2.  The  reaction  of  nitrogen  peroxide  with  undecylenic  acid  differs  from  its  reaction  with  ethylene  hydro¬ 
carbons  containing  the  CH2  =  CH  -  group,  the  latter  giving  dinitro  compounds. 
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THE  CONFIGURATION  AND  PROPERTIES  OF  UNSATURATED  ACIDS 


AND  THEIR  DERIVATIVES 

V.  THE  PROPERTIES  OF  ANGELIC  AND  TIGLIC  ACIDS  AND  THEIR  ESTERS 
A.K.  Plisov  and  A.P.  Kostyuk 


Angelic  and  tiglic  acids  enter  into  the  composition  of  many  natural  medicinal  plants  and  are  a  comp(Mient 
part  of  a  number  of  medicinal  preparations.  Tiglic  acid  was  recently  isolated  from  the  decomposition  products 
of  sodium  penicillin.  Angelic  acid  is  found  in  the  free  state  in  the  roots  of  the  angelica  plant  (Angelica  archan¬ 
gelica)  ,  and  as  the  amyl  and  other  esters  in  the  oil  of  the  Roman  camomile,  in  which  tiglic  acid  is  also  present. 
The  triglyceride  of  tiglic  acid  is  found  in  croton  oil.  It  was  established  quite  recently  that  the  favorable  influ¬ 
ence  exerted  by  digitalis  on  the  cardiac -vascular  system  is  conditioned  to  a  large  degree  by  the  presence  in  it 
of  angelic  acid  as  the  lactone.  The  derivatives  of  angelic  acid  find  use  in  the  manufacture  of  plastics,  and 
serve  as  material  for  the  preparaticxi  of  coatings  for  articles  made  from  protein  plastics  and  other  products. 

Nevertheless,  the  question  as  to  the  configuration  of  angelic  and  tiglic  acids  still  remains  unanswered, 
since  at  the  present  time  there  do  not  exist  reliable  experimental  data  on  which  a  decision  as  to  whether 
these  acids  belong  to  either  the  cis  or  trans  series  can  be  based,  Tiglic  and  angelic  acids  are  considered  to  be 
cis-trans  isomers,  having  the  configurations  corresponding  to  (I)  and  (II): 


CH, 

COOH 

H 

COOH 

— 

—  c 

C 

c 

H-"' 

CHs^ 

'^CHs 

(I) 

(II) 

Two  opinions  exist  as  to  which  of  these  configurations  belong  to  angelic  acid,  and  Which  to  tiglic  acid 
[1].  Angelic  acid,  being  the  low-melting  isomer,  is  most  frequently  assigned  the  cis  configuration,  and  tiglic 
acid  the  trans  configuration.  B  ut  there  also  exists  a  contrary  opinion  [2]. 

One  of  us  [3]  has  already  illuminated  the  problem  of  the  geometric  isomerism  and  reactivity  of  a  number 
of  unsaturated  acids.  Here  it  was  established  that  the  chemical  activity  of  the  acids  is  found  to  be  in  full  accord 
with  the  steric  hindrance  theory.  To  a  large  degree  the  question  as  to  the  actual  configuration  of  tiglic  and  an¬ 
gelic  acids  can  be  illuminated  chemically,  if  it  is  considered  in  this  case,  as  for  the  other  acids  already 
studied  by  us,  that  here  the  radicals  at  the  double  bond  should  exert  an  analagous  influence  on  their  chemical 
activity. 

From  the  viewpoint  of  the  steric  hindrance  theory  the  structure  of  angelic  and  tiglic  acids  should  show  an 
influence  on  their  properties:  such  reactions  at  the  double  bond  as  halogenation,  hydrogenation,  addition  of  hy¬ 
drogen  halide  acids,  oxidation,  etc.  should  proceed  with  more  difficulty  forForm  (II)  than  forForm  (I),  since 
the  space  around  the  double  bond  in  Form  (II)  is  filled,  on  one  side,  by  two  methyl  radicals,  and  on  the  other 
side,  by  hydrogen  and  the  large  carboxyl  radical.  ForForm  (I)  the  space  near  the  double  bond  is  filled,  on  one 
side,  by  the  methyl  and  carboxyl  radicals,  and  on  the  other  side,  by  hydrogen  and  the  methyl  radical. 

The  carboxyl  radical  fills  the  space  near  the  double  bond  to  a  higher  degree  than  does  the  methyl  radical. 
This  is  supported  by  the  values  for  the  volumes  of  these  substituents,  calculated  at  the  boiling  point  by  the  Kopp 
formula.  The  volumes  are:  for  -CH3  27.6,  and  for  -COOH  36.5  cmVmole. 

As  regards  the  chemical  influence  of  the  radicals,  then  here,  apparently,  it  can  be  assumed  to  be  the  same 
for  both  forms. 
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We  used  an  acetic  acid  solution  of  potassium  bichromate  to  study  the  oxidation  of  the  acids  and  of  their 
ethyl  esters.  It  was  established  that  angelic  acid  and  its  ethyl  ester  show  more  rapid  oxidation  than  do  tlglic 
acid  and  its  ester.  As  regards  the  saponification  of  the  esters  of  these  acids,  then  logically  a  lower  activity 
should  be  assumed  for  the  cis  form  since  in  this  case  access  of  the  alkali  elements  to  the  ester  group  will  be 
hindered  by  the  presence  of  the  methyl  group  at  the  6-carbon  of  the  double  bond;  for  the  trans  form  this  methyl 
group  in  its  spatial  position  will  not  hinder  reaction  at  the  ester  group,  and  consequently  the  saponification  of 
esters,  having  the  trans  configuration,  should  proceed  with  greater  ease  than  in  the  first  case. 

The  results  of  our  saponification  experiments  revealed  that  the  ethyl  ester  of  angelic  acid  is  saponified 
at  a  slower  rate  than  is  the  ethyl  ester  of  tiglic  acid.  On  the  basis  of  these  experiments  it  is  necessary  to  assign 
the  cIs  configuration  (I)  to  angelic  acid,  and  the  trans  configuration  (II)  to  tlglic  acid. 

EXPERIMENTAL 

Synthesis  of  angelic  and  tiglic  acids.  Angelic  and  tiglic  acids  were  synthesized  starting  from  primary 
butyl  alcohol  via  a-hydroxymethylethylacetic  acid.  Upon  dehydration,  the  latter  was  converted  to  a  mixture 
of  angelic  and  tiglic  acids,  which  was  separated  by  fractional  distillation  in  vacuum.  The  obtained  acids  had 
the  following  constants:  angelic  acid:  m.p.  45-46“,  b.p.  88-90*  ( 12  mm) ;  tiglic  acid:  m.p.  64*,  b.p.  95-96* 

( 12  mm) . 

Ethyl  tlglate  was  prepared  by  the  method  of  esterification  in  a  Soxhlet  apparatus  using  CaC|  to  collect 
the  water  of  reaction.  Ethyl  tlglate  was  a  colorless  liquid  with  a  faint  odor.  It  was  readily  soluble  in  alcohol, 
ether  and  benzene.  B.p.  152-154*. 

Ethyl  angelate  was  prepared  from  the  potassium  salt  of  angelic  acid  and  ethyl  bromide  on  heating  to  75- 
80*;  it  was  quite  readily  soluble  in  alcohol,  ether  and  benzene.  B.p.  140-142*. 

The  rate  of  oxidation  of  the  acids  and  their  esters  was  observed  by  iodometric  determination  of  the  quan¬ 
tity  of  unreacted  oxidant.  The  experiments  were  carried  out  at  25*  in  small  flasks  with  ground  stoppers.  0.01 
N  solutions  of  the  acids  were  prepared  in  the  corresponding  solvents  (benzene,  toluene,  ether)  and  were  placed 
in  a  thermostat.  In  the  same  thermostat  were  placed  solutions  of  potassium  bichromate  in  glacial  acetic  acid. 
After  the  solutions  were  at  the  temperature  of  the  thermostat,  a  suitable  amount  (3  ml)  of  solution  of  the  acid 
being  investigated  was  taken  in  a  micropipet  and  poured  into  the  small  flask  with  an  acetic  acid  solution  of 
K2Cr207  (52  ml) .  After  a  definite  Interval  of  time,  equal  for  both  acids  and  for  a  control  experiment,  5  ml 
samples  were  taken  with  the  pipet  and  an  iodometric  determination  of  the  quantity  of  unreacted  oxidant  was 
carried  out.  An  analogous  determination  was  carried  out  of  the  rate  of  oxidation  of  the  ethyl  esters  of  the  acids. 

The  oxidation  rate  constants  of  the  acids  and  esters  and  also  the  saponification  rate  constants  of  the  esters 
were  in  all  cases  calculated  by  the  formula: 

V  -  1  b  (a  -  x) 

t(a-b)  ^°^a(b-x)  ' 

Table  1  and  Figs.  1-3  give  the  results  of  the  oxidation  experiments  we  carried  out  for  angelic  and  tiglic 

acids. 

When  a  bichromate  solution,  twice  as  concentrated,  was  used  for  the  oxidation,  the  rate  of  the  reaction 
increased  somewhat,  but  the  ratio  of  the  activities  of  the  cis  and  trans  forms  remained  the  same  as  before. 

Saponification  of  ethyl  angelate  and  ethyl  tlglate.  Weighed  portions  of  ester  (0.0214  g  each)  were  dis¬ 
solved  in  0.5  ml  alcohol  and  mixed  with  20  ml  alcoholic  KOH.  The  initial  concentration  of  KOH  was  0.00288 
N;  of  saponified  ester  -  0.1321  N.  The  remaining  alkali  was  determined  acidimetrically. 

The  experimental  data  indicate  that  the  spatial  configuration  of  stereo-isomers  of  angelic  and  tiglic  acids 
has  a  marked  effect  on  their  rate  of  oxidation  at  the  double  bond.  Angelic  acid  and  its  ester  are  more  rapidly 
oxidized  than  tiglic  acid  and  its  ester,  which  indicates  that  the  double  bond  of  angelic  acid  is  more  accessible 
to  the  action  of  the  oxidizing  reagent  than  the  double  bond  of  tiglic  acid.  The  solvent  somewhat  changes  the 
relative  rate  of  oxidation  of  the  acids,  but  in  all  cases  studied  angelic  acid  was  oxidized  more  rapidly  than 
tiglic  acid. 

The  results  of  the  saponification  experiments  clearly  show  that  this  reaction  goes  more  slowly  in  the  case 
of  ethyl  angelate. 
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Fig.  1.  Oxidation  of  angelic  and  tiglic  acids  in  ben¬ 
zene  solution  with  acetic  acid  solution  of  potassium 
bichromate  at  25%  1)  angelic  acid;  2)  tiglic  acidi 


Fig.  3.  Oxidation  of  angelic  and  tiglic  acids  in 
ethereal  solution  with  acetic  acid  solution  of  po¬ 
tassium  bichromate  at  25“;  1)  angelic  acid;  2) 
tiglic  acid; 


Fig.  2.  Oxidation  of  angelic  and  tiglic  acids  in  toluene 
solution  with  acetic  acid  solution  of  potassium  bichro¬ 
mate  at  25”;  1)  angelic  acid;  2)  tiglic  acid; 


Fig.  4.  Hydrolysis  of  ethyl  esters  of  angelic  and  tiglic 
acids  with  alcc^olic  KOH  solution  at  25*;  1)  ethyl 
angelate;  2)  ethyl  tiglate; 


TABLE  1 

Oxidation  of  Angelic  and  Tiglic  Acids  with  Acetic  Acid  Solution  of  Potassium  Bichromate  at  25" 


Solvent  of  investigated 
acid 

Concentration  of  acetic 
acid  solution  of  KjCtjO; 

Mean  value  of  oxidation  rate  constant 

tiglic  acid 

angelic  acid 

Benzene 

0.00228  N. 

0.0118 

0.0607 

Toluene 

0.00249  N. 

0.0657 

0.08819 

Ether 

0.00239  N. 

0.01917 

0.04971 

825 


TABLE  2 

Saponification  of  Ethyl  Angelate  and  Ethyl  Tiglate  with  Alcoholic  Caustic  Potash  Solution  at  25* 


Time  ( in  minutes)  > _ Saponification  rate  constant 


'ethyl  tiglate  | 

ethyl  angelate 

0  1 

- 

- 

30  ! 

0.0224 

0.00450 

60  . 

0.00834  i 

i  0.00340 

120  j 

0.00573 

0.00290 

480 

0.00594 

0.00202 

.  840  1 

0.00445 

0.00161 

1560  i 

- 

0.00165 

1920 

1 

1 

0.00157 

SUMMARY 

1.  It  was  established  that  tiglic  and  angelic  acids  and  their  ethyl  esters  manifest  different  reactivity; 
angelic  acid  and  its  ethyl  ester  are  oxidized  more  rapidly  than  are  tiglic  acid  and  its  ester. 

2.  The  solvent  exerts  an  influence  on  the  oxidation  rate  of  both  angelic  and  tiglic  acids;  ether  proves 
to  be  the  solvent  showing  the  greatest  influence. 

3.  The  ethyl  esters  of  the  investigated  acids  show  a  slower  oxidation  rate  than  do  the  free  acids  them¬ 
selves. 

4.  The  reactivity  shown  by  angelic  and  tiglic  acids  and  their  esters  supports  their  structure  as  being 
respectively  cis  isomers  and  trans  isomers. 
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SYNTHESES  WITH  ACRYLONITRILE 


XXVI.  SYNTHESIS  OF  SOME  0 -ALKOXYPROPIONAMIDES 
A.P.  Terentyev,  A.N.  Kost  and  A.M.  Berlin 


The  cyanoethylation  of  alcohols  gives  B  -alkoxy  nitriles  in  good  yields,  which  can  then  be  saponified  to 
the  corresponding  acids  [1].  The  saponification  of  these  compounds  to  the  amides  has  not  been  studied.  The 
anomalous  behavior  shown  by  this  type  of  nitriles  is  indicated  in  the  literature,  and  specifically,  both  in  acid 
[2]  and  in  alkaline  medium  [3],  cleavage  of  the  alkoxy  group  was  observed. 

As  our  basic  study  subject  we  chose  B  -butoxypropionitrile,  which  is  easily  obtained  by  the  reaction  of 
acrylonitrile  with  butyl  alcohol  [4].  It  was  found  that  heating  of  this  substance  with  aqueous  alkali  gives 
B  -butoxypropionic  acid  (in  which  connection  partial  cleavage  of  butyl  alcohol  is  also  observed) .  Heating  of 
the  nitrile  with  hydrochloric  acid  also  gave  0 -butoxypropionic  acid  in  63f7o  yield.  Saponification  with  concen¬ 
trated  sulfuric  acid  at  room  temperature  gave  the  amide  in  about  20%  yield ;  however,  it  was  difficult  to  purify 
the  substance  from  ammonium  sulfate,  since  the  amide  is  quite  soluble  in  water. 

Many  nitriles  are  smoothly  converted  into  amides  by  the  Radziszewski  method  [5],  i.e.,  under  the  influence 
of  aqueous  hydrogen  peroxide  solution  in  weakly  alkaline  medium.  Usually  a  3%  hydrogen  peroxide  solution  is 
used;  however,  in  some  cases  the  concentration  is  raised  to  6  and  even  to  30% [6],  Good  results  are  obtained  if 
either  ethyl  alcohol  [6]  or  acetone  [7]  are  added  to  the  reaction  mixture.  We  ran  a  series  of  experiments,  where 
it  was  revealed  that  the  saponification  of  0  -butoxypropionitrile  proceeds  smoothly  with  3%  hydrogen  peroxide 
solution.  An  increase  in  the  peroxide  concentration  to  6%  leads  to  the  formation  of  only  0  -butoxypropionic 
acid,  in  which  connection  a  part  of  the  nitrile  is  recovered  unchanged.  The  reaction  fails  to  go  in  neutral  med¬ 
ium;  the  best  results  are  obtained  if  0.2-0.3%  sodium  hydroxide  solution  is  used  and  alcohol  is  added  until  the 
mixture  is  homogeneous. 

In  view  of  the  possibility  of  over -cyanoethylation  ( in  alkaline  medium)  we  ran  the  counter  synthesis  of 
this  amide  via  the  acid  and  acid  chloride: 

C4H9OH  +  CH,  =  CHCN  —  C4H<,0CH2CH2CN  C4H9OCH2CH2CONH2 

I  t 

C4H9OCH2CH2COOH  —  C4H,0CH2CH2C0C1 

The  saponification  conditions  selected  in  this  manner  were  used  to  prepare  other  0  -alkoxy  amides,  in 
which  connection  good  yields  were  obtained  in  all  cases.  0-Methoxy-,  0 -ethoxy-  [3]  and  0 -butoxypropionit- 
riles,  and  also  the  0-cyanoethyl  ether  of  0-butoxyethanol,  gave  amides  in  practically  quantitative  yields. 

0,0 ’-Dlcyanodiethyl  ether  [3]  and  the  0,0 '-dicyanodiethyl  ether  of  eti  ylene  glycol  are  saponified  under  these 
conditions  to  the  amides  in  80-85%  yield.  Only  patent  indications  [8]  exist  in  the  literature  on  the  synthesis  of 
the  8-cyanoethyl  ether  of  0-butoxyethanol.  We  obtained  this  substance  (in  66.6% yield)  by  the  cyanoethyl¬ 
ation  of  0-butoxyethanol  (  monobutyl  ether  of  ethylene  glycol)  in  the  presence  of  a  2%aqueous  potassium  hy¬ 
droxide  solution.  In  the  synthesis  of  this  type  of  high -boiling  0 -alkoxypropionitriles  it  is  necessary  to  carefully 
neutralize  the  reaction  mixture;  otherwise  traces  of  alkali  during  distillation  produce  practically  quantitative 
cleavage  of  the  substance  into  its  starting  components. 

All  of  the  amides  obtained  by  us  are  slow  to  crystallize,  are  readily  soluble  in  water,  and  show  quite  a 
strong  tendency  to  retain  water,  so  that  they  are  made  completely  anhydrous  only  after  standing  in  a  vacuum 
desiccator.  The  Hofmann  rearrangement  of  0 -butoxypropionamide  gave  0 -butoxyethylamine  in  19%  yield. 

The  reason  for  the  low  yield  is  the  easy  hydrolysis  to  0 -butoxypropionic  acid.  Considerable  tarring  is  observed 

in  alcoholic  medium,  in  which  connection  we  were  unable  to  isolate  the  0  -butoxyethylamine. 
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During  our  work  we  made  some  modifications  and  improvements  in  the  earlier  described  method  [4]  for 
the  preparation  of  0  -butoxypropionitrile. 

EXPERIMENTAL 

0  -Butoxypropionitrile.  In  a  3  -necked  flask  fitted  with  stirrer,  dropping  funnel  and  reflux  condenser  was 
placed  148  g  of  butyl  alcohol  and  100  ml  O.S^aqueous  solution  of  caustic  potash.  106  g  acrylonitrile  was  then 
added  drop-wise  with  stirring  in  the  course  of  1.5  hours  and  the  mixture  was  heated  2  hours  on  a  water  bath  at 
80*.  On  cooling,  the  upper  layer  was  separated  off,  neutralized  with  dilute  acetic  acid,  dried  with  calcium 
chloride  and  vacuum  distilled.  Yield  200  g  (  78.7‘7o)  0 -butoxypropionitrile: 

B.p.  91-92*  at  15  mm, n{5  1.4173,  d*®  0.8895,  MI^  35.98;  calc.  35.99.  Literature  data:  b.p.  98*  at  20 
mm.  n^  1.4180,  d|*  0.8863  [4]. 

After  neutralization  and  vacuum  fractionation,  extraction  of  the  aqueous  layer  with  ether  yielded  8-10  g 
more  of  nitrile;  the  total  yield  was  83-85%.  In  the  distilling  flask  remained  3-4  g  dicyanodiethyl  ether  with 
b.p.  160-166*  at  8  mm,  and  a  brown  acrylonitrile  polymer. 

0-Cyanoethyl  ether  of  0 -butoxyethanol.  To  a  mixture  of  59  g  monobutyl  ether  of  ethyleneglycol  and 
25  ml  2%  aqueous  solution  of  caustic  potash  was  added  drop-wise  26.5  g  acrylonitrile  with  stirring.  The  reaction 
evolved  a  slight  amount  of  heat.  After  addition  of  all  the  acrylonitrile,  the  mixture  was  heated  for  1  hour  on  a 
water  bath  at  70-80*,  cooled,  neutralized  with  dilute  sulfuric  acid,  and  set  aside  overnight,  after  which  the  upper 
layer  was  separated  and  dried  with  sodium  sulfate.  After  2  vacuum  distillations,  we  obtained  57  g  (  66.6%) 
6-cyanoethyl  ether  of  0 -butoxyethanol: 

B.p.  111-112*  at  5  mm,  n^  1.4315,  d|°  0.9500,  MI^  46.71;  calc.  46.86.  Literature  data  give:  b.p.  130* 
at  10  mm  [8]. 

0  " Alkoxypropionamides.  In  a  3 -necked  flask  fitted  with  stirrer  and  reflux  condenser  was  placed  250  ml 
3%  hydrogen  peroxide  solution,  10.0  g  0 -butoxypropionitrile  and  into  this  was  run  ethyl  alcohol  until  a  homo¬ 
geneous  solution  formed  ( mixture  warmed  up  to  25-30*  and  slight  amount  of  gas  evolved) .  To  the  reaction 
mass  was  then  added  2.5  ml  6N  aqueous  solution  of  caustic  soda  and  the  reaction  mixture  was  heated  with  vig¬ 
orous  stirring  for  4  hours  on  a  water  bath  at  50-60*.  The  cooled  mixture  was  precisely  neutralized  on  litmus 
with  dilute  sulfuric  acid  and  evaporated  in  a  cup  on  a  water  bath.  On  standing  in  the  air,  the  syrupy  residue 
crystallized.  After  drying  in  a  vacuum  desiccator,  0 -butoxypropionamide  (readily  soluble  in  water,  acetone, 
benzene)  recrystallized  from  gasoline.  Yield  ll.Q  g  (96%).  Oily  to  the  touch,  pearly  flakes,  m.p.  59*. 

Found  %:  C  58.04,  57.90;  H  10.58,  10.52.  C7H15O1N.  Calculated  %:  C  57.90;  H  10.41. 

When  acetone  was  added  in  place  of  alcohol,  the  yields  fell  to  48-60%.  Use  of  a  6%  solution  of  hydrogen 
peroxide  gave  only  0-butoxypropionic  acid  and  a  portion  of  the  nitrile  returned  unchanged.  When  alcohol  was 
not  added,  the  yield  was  24%. 

Similarly,  2.0  g  0-methoxypropionitrile  [3],  50  ml  3%  hydrogen  peroxide  solution  and  0.50  ml  6  N  aqueous 
caustic  soda  solution  yielded  2.3  g  (  98%)  6-methoxypropionamide;  M.p.  50*  (from  gasoline).  Literature  data 
give  rn.p..'19.6*  [9].  .  . 

From  2.0  g  0-ethoxypropionitrile  [3]  was  also  obtained  2.3  g  (  97%)  0-ethoxypropionamide:  M.p.  50*  (from 
gasoline).  Literature  data  give  . ni.p.  50.5*  [9]. 

From  2.0  g  0-cyanoethyl  ether  of  0-butoxyethanol  was  obtained  2.0  g  (  90%)  0-(  0-butoxyethoxy)  -propion- 
amide  with  m.p.  20-20.5*  (from  gasoline). 

Found  %:  N  7.32,  7.50.  CjHisOsN.  Calculated  %:  N  7.42. 

0,0 *-Dicarbamidodiethyl  ether  of  ethyleneglycol.  The  initial  0,0 ’-dicyanodiethyl  ether  of  ethylenegly¬ 
col  was  prepared  by  reacting  53  g  acrylonitrile  with  31  g  ethyleneglycol  in  the  presence  of  2  ml  40%  caustic  soda 
solution  (3  hours  at  20-30*  and  1  hour  at  50-60").  After  2  vacuum  distillations,  we  obtained  49.4  g  (  58.8%) 
substance  with  b.p.  183-185*  at  8  mm,  nff  1.4468,  which  corresponded  to  the  literature  data  [10].  To  a  mixture 
of  2.2  g  0,0 ’-dicyanodiethyl  ether  of  ethyleneglycol  and  100  ml  3%  hydrogen  peroxide  solution  was  added  35 
ml  alcohol  and  1.0  ml  6  N  caustic  soda  solution.  The  reaction  mass  was  heated  with  stirring  for  4  hours  at  50- 
60*.  The  cooled  transparent  solution  was  neutralized  on  litmus  with  dilute  sulfuric  acid  and  evaporated  on  a 
water  bath.  After  drying,  the  weight  of  residue  was  2.49  g.  After  recrystallization  from  anhydrous  alcohol,  we 
obtained  2.3  g  (86%)  0,0 ’-dicarbamidodiethyl  ether  of  ethyleneglycol;  M.p.  123*.  Literature  data  give  m.p. 
123*  [11]. 


Found  <7o:  €  47.29,47.21;  H  7.93,  7.95;  N  13.65,  13.55.  C,Hi604N2.  Calculated  <7o:  €  47.04;  H  7.89; 

N  13.71. 

Similarly,  from  2.0  g  A6’-dicyanodiethyl  ether  [6],  100  ml  3<7o  solution  of  hydrogen  peroxide  and  1.0  ml 
6  N  caustic  soda  solution  was  obtained  2.0  g  ( SO'^o)  B.ff'-dicarbamidodiethyl  ether;  M.p.  146*  (from  anhydrous 
alcohol).  Literature  data  give  m.p.  146*  [10]. 

6 -Butoxypropionic  acid.  A  mixture  of  56  g  6  -butoxypropionitrile  and  100  g  concentrated  hydrochloric 
acid  was  heated  under  reflux  for  3  hours  on  a  water  bath  at  70-80*  and  0.5  hour  at  100*.  The  upper  layer  was 
separated,  the  lower  layer  was  extracted  several  times  with  acetone.  The  extracts  were  combined  with  the 
upper  layer,  the  precipitate  of  ammonium  chloride  which  came  down  was  filtered  off,  then  the  acetone  was 
driven  off  in  vacuum  and  the  residue  was  vacuum  distilled  twice.  Yield  40  g  ( 63%)  S  -butoxypropionic  acid 
with  an  unpleasant  odor: 

B.p.  116*  at  9  mm,  np  1.4268,  d*®  0.9933,  MRp  37.77;  calc.  37.70.  Literature  data  give  b.p.  96-97.5* 
at  1  mm,  ng  1.4268,  df  0.9929  [11]. 

After  vacuum  distillation  in  a  stream  of  dry' nitrogen,  heating  of  14  g  0  -butoxypropionic  acid  with  70  g 
thionyl  chloride  yielded  12  g  (77%)  S -butoxypropionyl  chloride: 

B.p.  62-63*  at  6  mm,  ng  1.4303,  d|®  1.0240,  MRd  41.50;  calc.  41.42. 

Found  %:  €1  21.60,  21.72.  €7Hi302€l.  €alculated  %j  €1  21.54. 

After  separation  of  ammonium  chloride  and  steaming  off  the  ether,  the  action  of  dry  ammonia  on  an 
ethereal  solution  of  the  above  acid  chloride  yielded  0 -butoxypropionamide  with m.p.59*  (from  gasoline).  A 
mixed  sample  with  the  preparation,  prepared  by  direct  hydrolysis  of  the  nitrile,  was  undepressed. 

0  -Butoxyethylamine.  To  a  solution  of  18.72  g  caustic  soda  in  150  ml  water,  cooled  to  -3*,  was  added 
drop-wise  3.4  ml  bromine  with  vigorous  stirring.  Then,  without  cessation  of  stirring.  10  g  0 -butoxypropionamide 
was  gradually  added.  When  all  the  amide  had  dissolved,  the  cooling  mixture  was  removed  and  the  solution  was 
gradually  heated  to  70-80*  (  under  reflux).  After  30  minutes,  the  mixture  was  strongly  alkalized  and  the  amine 
driven  off  with  steam  into  hydrochloric  acid.  The  distillate  was  steamed  to  dryness;  on  cooling,  the  residue 
was  decomposed  with  alkali  under  a  layer  of  ether,  extracted  with  ether,  the  combined  extracts  were  dried  with 
fused  caustic  potash  and  distilled.  Yield  1.5  g  ( 19%)  of  0 -butoxyethylamine: 

B.p.  148-150*  at  735  mm,  ng  1.4186,  d*®  0.8465,  M%)  34.93;  calc.  34.96.  Literature  data  give  b.p.  148- 
150*  [12]. 

The  picrolonate  of  0 -butoxyethylamine  came  down  from  the  ether  in  the  form  of  dark -yellow  needles. 
After  recrystallization  from  anhydrous  alcohol: 

M.p.  170*  (  with  decomp.).  Literature  data  give  m.p.  172*  [12]. 

The  styphnate  was  in  the  form  of  bright -orange  crystals  with  m.p  105°  ( from  anhydrous  alcohol) . 

Found  %:  N  15.40,  15.59.  €«HiAN4.  €alculated  %:  N  15.48. 

The  benzenesulfonamide  derivate  was  an  oil’,  difficultly  soluble  in  benzene,  readily  soluble  in  alcohol  and 

ether. 

When  the  rearrangement  was  carried  out  with  an  excess  of  bromine  ( 10%) ,  the  yield  fell  to  12%.  Similar 
results  were  obtained  when  soda  was  used  instead  of  alkali  or  when  the  order  of  addition  of  the  components  was 
changed  (  amide,  bromine,  then  alkali) .  When  the  quantity  of  alkali  was  reduced  to  2  or  4  moles  per  1  mole 
amide,  no  amine  was  obtained,  but  0-butoxypropionic  acid  separated  out  in  a  yield  of  about  60%. 

SUMMARY 

The  synthesis  of  a  number  of  0  -alkoxypropionamides  by  the  Radziszewski  method  of  saponifying  the  cor¬ 
responding  nitriles  was  described. 
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SYNTHESES  WITH  ACRYLONITRILE 


XXVn.  THE  DIENE  SYNTHESIS  REACTION  OF  SUBSTITUTED  ACRYLONITRILES 
V.G.  Yashunsky,  A.P.  Terentyev  and  Ya.G.  Nekhlin 


Together  with  reactivity  tests  with  glycocoll  and  reduction  by  sodium  in  alcohol  [1],  we  used 

the  diene  synthesis  reaction  to  study  the  comparative  reactivities  of  a, 6 -unsaturated  nitriles. 

As  is  known,  acrylonitrile  itself  is  an  extremely  active  philodiene;  data  on  whether  other  a, 6 -unsatura¬ 
ted  nitriles  ~  the  homologs  and  analogs  of  acrylonitrile  -  show  a  similar  capacity  for  diene  addition  are  almost 
completely  absent  in  the  literature.  Reference  can  be  made  only  to  the  French  patent  of  1929  [2],  where  the 
reaction  of  the  nitriles  of  crotonic  and  sorbic  acids  with  1,3-dimethylbutadiene  and  with  cyclopentadiene  is 
described,  and  also  to  the  recently  published  study  [3]  on  the  reaction  of  rriethacrylic  acid  derivatives, and,  in 
particular,  tlie  reaction  of  methacrylonitrile  with  butadiene  and  its  analogs. 

Our  purpose  in  the  present  work  was  to  study  the  comparative  reactivity  of  a,6-unsaturated  nitriles.  As 
study  subjects  we  selected  crotonltrile,  methacrylonitrile,  cycldiexylideneacetonitrile  and  the  nitriles  of 
cinnamic  and  1-cyclohexenecarboxylic  acids,  on  the  one  hand,  and  cyclopentadiene,  one  of  the  more  active 
symmetrical  dienes,  on  the  other. 

All  of  the  experiments  were  run  under  similar  conditions;  the  mixture  of  components  (nitrile:  diene 
molar  ratio  =  1 ;  1.5)  was  heated  in  a  sealed  tube  in  an  oil  bath  at  160-165“  for  8  hours;  hydroquinone  was  in¬ 
troduced  (  about  0.01  g)  to  prevent  polymerization. 


In  the  case  of  crotonitrile  we  obtained  the  corresponding  cyclic  nitrile  ( I) ,  identical  with  the  earlier 
described  product,  in  OO'yoyield,  based  on  starting  nitrile.  In  the  reaction  with  methacryloni¬ 
trile  the  nitrile  of  4-methyl-3,6-endomethylene-l-cyclohexene-4-carboxylic  acid  (II)  was 
isolated  in  78%  yield.  Together  with  it  a  substance  was  found  to  be  present  in  the  products, 
to  which  on  the  basis  of  its  properties  and  analysis  we  consider  it  possible  to  assign  the  struc¬ 
ture  of  a  secondary  condensation  product  ( III) . 


CN 


CH, 


0) 


In  the  literature  it  is  indicated  that  it  is  possible  to  form  a  similar  dimeric  product  in  the  reaction  of 
cyclopentadiene  with  allyl  cyanide  [4]. 


The  reaction  of  cyclopentadiene  with  the  nitrile  of  cinnamic  acid  ( consisting  mostly  of  the  trans  form) 
under  the  same  conditions  gave  two  substances  —  the  nitrile  of  5-phenyl-3,6-endomethylene-l-cyclohexene- 
-4-carboxylic  acid  (IV)(35.8%  and  a  small  amount  of  secondary  condensation  product  (V): 
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CHCN 

+  II  - ► 

CHCgHj 


(JV) 


CN 


CsHj 


(V) 


The  reaction  t'rtth  cyclohexylideneacetonitrile  and  with  the  nitrile  of  1-cyclohexenecarboxyllc  acid  was 
run  under  analogous  conditions.  In  both  cases  in  working  up  the  reaction  mixture  we  were  unable, to  isolate  aoy 
products  other  than  the  starting  nitriles,  and  also  the  dimer  and  trimer  of  cyclopentadlene. 

Since  in  all  cases  there  occurred  considerable  tarring  of  the  reaction  mijcture  and  the  formation  of  high- 
boiling  fractions,  we  decided  to  run  the  reaction  of  cyclopentadlene  with  crotonitrlle,  methacrylonitrlle  and 
the  nitrile  of  cinnamic  acid  under  milder  conditions,  and  specifically,  at  110*  (the  duration  of  reaction  was  10 
hours).  In  additicHi,  these  experiments  should  have  served  to  verify  the  results  obtained  by  us.  To  study  the 
behavior  of  cyclohexylideneacetonitrile  and  of  the  nitrile  of  1-cyclohexenecarboxylic  acid  under  these  cai- 
ditions  was  meaningless. 

In  the  case  of  the  first  three  nitriles  products  were  isolated  that  were  identical  with  those  obtained  earlier, 
but  in  lower  yields  ( see  table) ;  here  we  were  unable  to  show  the  presence  of  secondary  condensation  products. 


TABLE 

Reaction  of  Cyclopentadlene  with  a, d -Substituted  Unsaturated  Nitriles 


Nitrile 

Yield  of  the  reaction  products  with  cyclopentadlene  ( in  ’’fo) 

Temperature  160*,  duraticn  of 
reaction  8  hours. 

Temperature  110*,  duration  of 
reacticxi  10  hours 

CHsCH=CH-CN 

60.8 

27.0 

CH,=C-CN 

78.0 

75.2 

CHj 

C6H5CH=CHCN 

35.8 

20.5 

^  ^  CN 

0 

CHCN 

0 

The  unexpectedly  low  yield  of  the  reaction  product  with  crotonitrlle  at  110*  should  be  ascribed  to  the 
fact  that  the  starting  nitrile  consisted  of  a  mixture,  containing  approximately  equal  amounts  of  the  cis  and 
trans  ftxms,  whereas  in  the  reaction  at  160*  we  introduced  crotonitrlle  that  was  quite  rich  in  the  cis  form.  Ap¬ 
parently,  this  also  explaiirs  the  fairly  wide  boiling  range  of  the  reacticm  product  in  the  second  case,  probably 
also  consisting  of  a  mixture  of  geometric  isomers. 

We  were  unable  to  study  the  reaction  of  acryloniU'ile  with  cyclopentadlene;  here  the  ampoules  contain¬ 
ing  the  mixture,  heated  to  110*,  exploded  twice.  However,  on  the  basis  of  the  data  obtained  by  Bruson  [5]  it 
can  in  all  probability  be  assumed  that  acrylonitrile  should  react  quantitatively  with  this  diene  under  our  condi- 
tiois. 


The  cyclic  nitriles  obtained  by  us  were  saponified  with  alcoholic  alkali  to  the  conesponding  acids. 

Oir  experimental  results  p)ermit  making  cwily  some  preliminary  conclusions  as  to  the  relative  reactivity 
of  a, d -unsaturated  nitriles  when  compared  to  the  first  member  of  the  series  —  acrylonitrile  —  in  the  reaction 
with  cyclopentadlene.  Without  /Joubt  the  hydrocarbon  substituents  Impede  the  course  of  this  reaction  to  a 
greater  or  less  degree.  In  this  ccxinection  the  B -substituted  nitriles  (crotonitrlle  and  cinnamonitrile)  are  con¬ 
siderably  inferior  to  a-methylacrylonltrlle  in  activity,  whereas  for  a  whole  gamut  of  other  reactions  the  reverse 
rule  is  observed.  The  nitriles  with  substitutents  at  both  ends  of  the  double  bond  proved  to  be  the  most  passive. 

It  is  possible  tiiat  here  a  large  role  is  played  by  the  fact  that  these  nitriles  belong  to  the  alicyclic  series. 
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Earlier  one  of  us,  together  with  A.N,  Kost  and  S.M.  Gurvich  [6],  had  made  a  detailed  study  of  the  reaction 
of  acrylonitrile  with  butadiene  and  its  homologs  and  had  synthesized  several  nitriles  of  the  cyclohexene  series; 
for  this  reason  it  seemed  of  interest  to  study  the  reaction  of  these  dienes  with  fumaronitrile,  one  of  the  readily 
available  and  extremely  active  a,  6 -unsaturated  dinitriles,  and  obtain  the  corresponding  cyclic  dinitriles. 

The  reaction  of  fumaronitrile  with  butadiene  is  described  in  the  literature,  but  at  tlie  same  time  it  is  in¬ 
dicated  that  the  running  of  it  is  accompanied  by  considerable  difficulties.  Thus,  Ziegler  [7]  was  able  to  achieve 
a  76%  yield  of  the  dinitrile  of  l-cyclohexene-4,5-dicarboxylic  acid  only  after  passing  butadiene  into  a  boiling 
toluene  solution  of  fumaronitrile  for  427  hours;  however,  in  this  connection  he  was  unable  to  avoid  considerable 
tarring  of  the  reaction  mixture. 

We  ran  our  experiments  in  sealed  glass  ampuls  under  heating  at  110“  for  24  hours.  As  solvent  we  selected 
toluene.  To  prevent  polymerization  we  introduced  hydroquinone  into  the  reaction  mixture.  From  a  whole  series 
of  experiments  it  was  found  that  even  with  a  2-fold  excess  of  butadiene  the  corresponding  dihitrile  is  obtained 
in  nearly  quantitative  yield.  The  reaction  of  fumaronitrile  with  isoprene  and  with  2,3-dimethylbutadiene  pro¬ 
ceeded  smoothly: 


CH-,.  ,  CHCN  CHgv^ 

i  "^11  I 

CHCN-  \/ 


CN 

-CN 


CH;,s^^  CHCN  CHg^ 


CH 


CHCN  CHs 


./\/ 


|-CN 

'-CN 


In  all  cases  the  formation  of  a  rubberlike  copolymer  in  an  amount  equal  to  2-3%  of  the  final  product 
was  observed. 

The  saponification  of  the  dinitriles  of  1 -cyclohexene -4,5-dicarboxylic  and  l-methyl-l-cyclohexene-4,5- 
-dicarboxylic  acids  gave  the  corresponding  acids  and  anhydrides.  The  dinitrile  of  1 -cyclohexene -4,5 -dicarboxy 
lie  acid  was  also  reduced  with  sodium  in  butyl  alcohol;  here  only  one  base  was  isolated.  Analysis  and  the  pre¬ 
sence  of  primary  amino  groups,  shown  by  qualitative  reactions,  permit  assigning  the  structure  of  4,5 -di-(  amino- 
methyl)  -1 -cyclohexene  to  this  compound: 

if  _Ji!L  ^  if  VCH2NH2 

il  J_CN  c.H,oir  If  y—CHaNHo 

The  presence  of  a  double  bond  in  the  diamine  was  shown  by  its  reaction  with  permanganate.  A.A.  Petrov 
and  N.P.  Sopov  [8],  who  reduced  the  nitrile  of  1-cycldiexene -4 -carboxylic  acid  by  the  same  method,  also  ob¬ 
tained  an  unsaturated  amine.  The  diamine  obtained  by  us  is  a  colorless  liquid  with  a  characteristic  odw;  it 
readily  absorbs  carbon  dioxide  from  the  air.  Apparently,  this  can  serve  to  explain  the  considerable  difference 
shown  for  the  found  and  calculated  values  of  the  molecular  refraction. 

EXPERIMENTAL  • 

Reaction  of  a ,  8 -unsaturated  nitriles  with  cy  clopentadiene 

Crotonitrile.  A  mixture  of  7  g  crotonitrile  (b.p.  107-113“,  1.4220)  and  10.31  g  cyclopentadiene  was 

heated  in  a  sealed  ampul  on  an  oil  bath  for  8  hours  at  160“.  The  red -brown  reaction  mixture  was  vacuum 
distilled.  8.4  g  (60.8%,  based  on  nitrile)  nitrile  of  5-methyl -3,6 -endomethylene-1 -cyclohexene -4-carboxylic 
acid  ( I)  was  isolated: 

B.p.  88-91“  at  11  mm,  nf5  1.4870,  d*®  0.9832,  MRd  38.96;  calc.  38.71.  Literature  data  give  b.p.  87-88.5* 
at  12  mm  [2]. 

♦Preparation  of  the  unsaturated  nitriles  was  described  in  one  of  the  prebeding  communications  [1]. 


On  heating  crotonitrile  ( b.p.  111-115.5*,  nf)  1.4230)  with  cyclopentadiene  in  a  sealed  ampul  for  10 
hours  at  110*,  a  yield  of  27%  cyclic  nitrile  ( I)  was  obtained  with  b.p.  82-95*  at  13  mm  ( the  main  bulk  distilled 
over  at  39-93*>,n{5  1.4880. 

Saponification  of  nitrile  of  5-methyl -3, 6-endomethylene-l-cyclohexene-4-ca.rboxylic  acid.* _ A  mix  - 

ture  of  3  g  nitrile  and  7  g  caustic  soda  solution  in  7  ml  water  and  20  ml  alcohol  was  heated  until  evolution  of 
ammonia  ceased  ( 26  hours) .  The  alcohol  was  driven  off  in  vacuum,  the  residue  was  neutralized  with  sulfuric 
acid  and  extracted  with  ether.  Vacuum  distillation  yielded  an  oil: 

B.p,  125.5*  at  8  mm,  np  1.4913,  dj®  1.0890,  MI^  40.49;  calc.  40.43.  Literature  data  give  b.p.  137-139* 
at  18  mm  [9]. 

Methacrylonitrile.  8.5  g  methacrylonitrile  was  heated  with  12.5  g  cyclopentadiene  at  160*  for  8  hours. 
Fractionation  of  the  reaction  mixture  yielded  tw*  fractions.  From  the  1st  ( 14.7  g) ,  which  came  over  in  the  in¬ 
terval  40-71*  (  at  6  mm),  a  repeated  distillation  yielded  13.2  g  (  78.0%)  nitrile  of  4 -methyl -3,6 -endomethylene- 
-1 -cyclohexene -4-carboxylic  acid  (II)  with  b.p.  67-69®  at  6  mm  and  m.p.  55*.  From  the  2nd  fraction  ( 1.0  g, 
71-115*  at  6  mm)  treatment  with  alcohol  yielded  0.3  g  secondary  condensation  product  of  methacrylonitrile 
with  cyclopentadiene  (III);  fine  needles  from  alcdiol,  m.p.  117.5-118*. 

Found  %:  C  84.55,  84.54;  H  8.68,  8.59,  CX4H17N.  Calculated  %:  C  84.37;  H  8.60. 

On  heating  methacrylonitrile  with  cyclopentadiene  at  110*  for  10  hours,  only  a  75.2%  yield  of  nitrile  of 
4-methyl -3, 6-endomethylene-l-cycl*hexene-4-carboxylic  acid  was  obtained,  b.p.  84*  at  14  mm. 

Saponification  of  nitrile  of  4-methyl -3, 6-endomethylene-l-cyclohexene-4-carboxylic  acid  (II).  A  mix¬ 
ture  of  2  g  nitrile,  5  g  caustic  soda,  20  ml  alcohol  and  7  ml  water  was  heated  for  140  hours  under  reflux.  Alco¬ 
hol  was  driven  off  from  the  yellow  solution  and  also  the  water  under  reduced  pressure,  and  the  residue  was  treated 
with  ether.  A  salt  in  the  form  of  a  suspension  separated  out  and  was  neutralized  with  sulfuric  acid,  after  which 
an  acid  came  down  with  m.p.  78-78.5*  ( from  an  alcohol-water  mixture).  From  the  ethereal  solution  was  iso¬ 
lated  the  amide  of  4 -methyl -4, 6 -endomethylene-1 -cyclohexene -4 -carboxylic  acid  with  m.p,  150,5-151*  in  a 
sealed  capillary  (  from  water) ;  it  was  sublimable. 

Found  %;  N  8.99,  9.00.  C9H13ON.  Calculated  %:  N  9.26. 

Nitrile  of  cinnamic  acid.  12.9  g  nitrile  of  cinnamic  acid  was  heated  with  9.9  g  cyclopentadiene  in  an 
ampul  for  8  hours  at  160*.  The  following  fractions  were  obtained  upon  vacuum  distillation;  1st,  b.p.  up  to 
120*  at  3  mm,  9.16  g;  2nd,  b.p.  120-160*  at  3  mm,  9.78  g;  3rd,  b.p.  160-180*  at  3  mm,  1.64  g. 

The  1st  fraction  contained  dicyclopentadiene  and  initial  nitrile.  A  repeated  distillation  of  the  2nd  frac¬ 
tion  yielded  7.0  g  (35.8%)  nitrile  of  5 -phenyl -3, 6 -endomethylene-1 -cyclohexene -4-carboxylic  acid  ( IV) ;  b.p. 
141-142*  at  2  mm.  n{5  1.5645,  df  1.0902,  KIRp  58,20;  calc.  58.29. 

The  3rd  fraction  was  a  secondary  condensation  product  of  cinnamic  acid  nitrile  with  cyclopentadiene  ( V) . 
When  the  reaction  was  carried  out  at  110*,  the  nitrile  of  5 -phenyl -3, 6 -endomethylene-1 -cyclohexene -4 -car¬ 
boxylic  acid  was  obtained  in  a  yield  of  20.5%:  b.p.  136-142*  at  2  mm,  np  1.5659. 

Saponification  of  condensation  products  of  cinnamic  acid  nitrile  with  cyclopentadiene.  When  the  nitrile 
of  5-phenyl -3, 6-endomethylene-l-cyclohexene-4-carboxylic  acid  was  boiled  with  aqueous  alcoholic  solution 
of  alkali  an  acid  was  obtained  with  m.p.  111-111.5®  (from  alcohol). 

Found  %:  C  78.54,  78.47;  H  6.77,  6.61.  C14H14O2.  Calculated  %:  C  78.47;  H  6.58. 

Saponification  of  the  substance  with  b.p.  160-180*  at  3  mm  by  the  same  method  resulted  in  a  solid  product 
being  obtained,  which  after  repeated  crystallizations  from  alcohol,  had  m.p.  229*  in  a  sealed  capillary  (sublimes). 

Found  %:  C  81.55,  81.62;  H  7.59,  7.78.  CkHjoOi.  Calculated  %;  C  81.39;  H  7.19. 

Nitrile  of  cyclohexene -1 -carboxylic  acid.  A  mixture  of  9.1  g  nitrile  and  8.45  g  cyclopentadiene  was 
heated  at  160*  for  8  hours.  Aside  from  the  initial  nitrile  and  cyclopentadiene  dimer,  distillation  of  the  reaction 
products  yielded  a  substance  which  after  recryst'allization  from  methyl  alcohol,  had  m.p.  65-65.5*.  A  Lassen 
test  for  nitrogen  proved  negative. 

Found  %:  C  90.73,  90.91;  H  9.00,  9.28.  Trimer  of  cyclopentadiene  CisHjg,  Calculated  %:  C  90.85; 

H  9.15. 

*  Saponification  of  nitriles  was  carried  out  by  A. A.  Petrov-N.P.  Copov's  method  [8]. 
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A  mixed  melting  test  with  the  trimer  of  cyclopentadiene,  separated  from  the  flask  in  which  decomposition 
of  the  cyclopentadiene  dimer  to  the  monomer  was  carried  out,  gave  no  depression.  According  to  the  literature 
data,  the  trimer  of  cyclopentadiene  has  m.p.  60“  [10]. 

Cyclohexylideneacetonitrile.  No  other  substances  except  initial  nitrile,  dimer  and  trimer  of  cyclopenta- 
diene  were  detected  in  the  reaction  products  of  cyclohexylideneacetonitrile  and  cyclopentadiene  ( 3  hours,  160*) . 
About  2  g  trimer  of  cyclopentadiene  with  m.p.  59*  was  obtained. 

Reaction  of  fumaronitrile  with  dienes. 

Fumaronitrile  was  obtained  by  dehydration  of  the  diamide  of  fumaric  acid  by  means  of  phosphoric  anhy¬ 
dride  [11]  and  P2O5  in  mixture  with  powdered  aluminum  [12].  In  both  cases  the  yield  of  dinitrile  reached  60-65'7o: 
m.p.  96-97*  (from  toluene),  which  corresponds  to  the  literature  data. 

A  mixture  of  40  ml  anhydrous  toluene,  saturated  with  strong  cooling  of  16  g  commercial  butadiene,  11.54 
g  fumaronitrile  and  0.01  g  hydroquinone  was  heated  in  a  sealed  ampul  for  24  hours  at  110*.  The  precipitate 
which  came  down  on  cooling  was  recrystallized  from  anhydrous  alcohol.  Yield  18.5  g  (94.7<7!>)  dinitrile  of  1 -cy¬ 
clohexene  4,5-dicarboxylic  acid  with  m.p.  124-124.5*  ( white  flakes) .  Literature  data  give  m.p.  125*  [7], 
Moreover,  about  0.3  g  rubberlike  polymer  was  obtained.  Increase  of  the  excess  of  butadiene  to  a  6-  or  15 -fold 
excess  did  not  increase  the  yield  of  cyclic  dinitrile  and  brought  about  only  increased  formation  of  polymer. 

Saponification  of  dinitrile  of  1 -cyclohexene -4,5-dicarboxylic  acid  was  carried  out  as  described  previously 
by  heating  with  aqueous  alcoholic  solution  of  alkali  for  2  hours.  The  acid,  recrystallized  three  times  from  a 
water-alcohol  mixture,  had  m.p.  165-166*  in  a  sealed  capillary  ( sublimes) .  Heating  of  the  acid  with  an  excess 
of  acetic  anhydride  (1:5)  for  20  minutes  yielded  the  anhydride  of  1-cycldiexene -4,5-dicarboxylic  acid  with 
m^.  92-93*  (from  ether).  The  acid  and  anhydride  that  were  obtained,  on  the  basis  of  their  melting  points,  ap¬ 
parently  belong  to  the  cis  category  [13];  such  a  conclusion  has  not  been  reached  as  yet  regarding  the  configura¬ 
tion  of  the  nitrile. 

A  mixture  of  4  g  fumaronitrile,  6.8  g  isoprene  with  hydroquinone  and  15  ml  anhydrous  toluene  was  heated 
in  a  sealed  ampul  for  24  hours  at  110*.  After  the  toluene  was  driven  off,  the  residue  was  recrystallized  from 
anhydrous  alcohol;  yield  6.83  g  (91.5%)  dinitrile  of  1 -methyl -1 -cyclohexene -4,5-dicarboxylic  acid,  m.p.  70- 
70.5*.  Saponification  of  this  dinitrile  yielded  an  oil  which  was  quite  readily  soluble  in  water  and  which  was  con¬ 
verted  to  the  solid  anhydride  upon  vacuum  distillation;  after  recrystallization  from  acetic  anhydride,  it  had 
m.p.  138.5-139.5*  in  a  sealed  capillary  (sublimes).  The  literature  gives  data  only  on  the  condensation  product 
of  isoprene  with  maleic  anhydride,  i.e.,  for  the  cis-anhydride,  namely,  with  m.p.  63-64*  [14]. 

Found  %:  C  64.88,  64.91;  H  6.04,  6.09.  CsHmOa.  Calculated  %:  C  05.05;  H  6.07. 

Heating  of  a  mixture  of  fumaronitrile  and  2,3 -dimethylbutadiene  in  toluene  yielded  the  dinitrile  of  1,2- 
-dimethyl-l-cyclohexene -4,5-dicarboxylic  acid  in  the  form  of  long  transparent  prisms  from  anhydrous  alcohol 
with  m.p.  120.5-121.5*  in  a  sealed  capillary  (sublimes). 

Reduction  of  dinitrile  of  1 -cyclohexene -4,5-dicarboxylic  acid.  To  a  solution  of  12  g  dinitrile  in  600  g 
anhydrous  butyl  alcohol  was  added  32,4  g  sodium  and  the  mixture  was  boiled  until  the  metal  was  completely 
dissolved.  Treatment  of  the  reaction  products  yielded  4.16  g  colorless  liquid  of  basic  character  with  b,p,  115- 
119*  at  9  mm.  This  diamine  was  finally  isolated  in  the  form  of  the  hydrochloride  (  0.75  g)  from  the  mass  before 
distillation  and  from  the  residue  after  distillation.  After  a  repeated  distillation;  b.p.  116.5*  at  10  mm,  1.5194, 
df  1.0205,  MRd  41.73;  calc.  43.33. 

The  yield  of  diamine  was  36.6%. 

The  diamine  dihydrochloride  was  prepared  by  passage  of  dry  hydrogen  chloride  into  an  alcoholic  solution 
of  the  diamine,  m.p.  265-268*  in  a  sealed  capillary  (decomp,). 

Found  %:  N  13.07,  13.06.  CgHigNjClj.  Calculated  %:  N  13.21. 

The  dibenzyl  derivative  had  m.p.  177,5-178.5*  (from  alcohol)  in  a  sealed  capillary  (sublimes). 

The  dipicrate  ( from  benzene)  was  a  fluffy  precipitate  which  deliquesced  and  darkened  in  air. 
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SUMMARY 


1.  The  comparative  reactivity  of  a  number  of  a, 6 -unsaturated  nitriles  in  the  diene  synthesis  reaction 
was  studied  on  the  example  of  their  reaction  with  cyclopentadiene. 

2.  A  method  was  developed  for  obtaining  the  dinitriles  of  1 -cyclohexene -4, 5 -dicarboxylic  acids  by  the 
reaction  of  fumaronitrile  with  butadiene  and  its  homologs. 

3.  The  reduction  of  the  dinitrile  of  l-cyclohexene-4,5-dicarboxylic  acid  with  sodium  in  alcohol  gives 
the  corresponding  diamine. 
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QUINONES 


IX.  THE  REACTION  OF  5.8 -ENDOETHYLENE- 1,4-NAPHTHOQUINONE  WITH 
HYDROGEN  CHLORIDE  AND  WITH  ACETOACETIC  ESTER 

A.N.  Grinev,  A.B,  Tq^rentyev  and  A.P,  Terentyev 


5, 8-EndoethyIene-l, 4-naphthoquinone  (I)  was  first  obtained  by  Diels  and  Alder  [1]  via  the  oxidation  of 
the  corresponding  hydroquinone  with  ferric  chloride.  Recently  we  developed  [2]  a  caivenient  synthesis  of  quin 
one  (I)  via  the  oxidation  of  5,8-endoethyIenenaphthohydroquinone  with  potassium  bromate  in  acid  medium. 

In  the  present  work  we  studied  the  reaction  of  this  quinone  (I)  with  hydrogen  chiwide: 


/kA 

CH, 

I  * 

CH. 

0 

(I) 


OH 


+  HCl 


CH, 


Ov 


OH 


00 


The  reaction  was  run  under  conditions  similar  to  those  described  earlier  [3].  The  structure  of  the  hydro¬ 
quinone  ( II)  was  proved  by  the  counter  synthesis: 


5, 8-Endoethylene-l, 4-naphthoquinone  (I)  also  reacts  with  acetoacetic  ester;  here  the  ethyl  ester  of  2- 
■methyI-6,9-endoethyIene-5-hydroxynaphthofuran-3-carboxyIic  acid  (IV)  is  formed. 


COOCzHj 

I 

.  CH^ 
C-CH, 


The  saponification  of  ester  (IV)  gave  2-methyI-6,9-endoethyIene-5-hydroxynaphthofuran-3-carboxyIic 
acid  (  V) .  The  methylation  of  acid(V)  gave  2-methyI-6,9-endoethyIene-5-methoxynaphthofuran-3-carboxyIic 
acid  ( VI) 
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EXPERIMENTAL 

1.  2-Chloro-5,8-endoethylenenaphthohydroqulnone  (II).  To  a  solution  of  1  g  hydrogen  chloride  in  20 
ml  ether  (  prepared  by  saturation  in  the  cold)  was  added  0.9  g  quinone  ( I)  in  portions  with  cooling  and  vigorous 
mixing.  After  driving  off  the  ether  and  recrystallization  from  glacial  acetic  acid,  1  g  of  chlorohydroquinone  ( II) 
was  obtained.  The  yield  was  quantitative.  White  crystals.  M.p.  155*. 

Found  <7«  C  64.12.  64.31;  H  4.88,  4.87.  C^HuOja.  Calculated  fo;  C  64.72;  H  4.98. 

2.  Adduct  ( in)  of  chlOToquinone  with  cyclohexadiene.  A  solution  of  3  g  chlorobenzoquinone  in  20  ml 
benzene  was  mixed  with  6  g  cyclohexadiene.  After  standing  for  2  days,  the  benzene  was  driven  off.  Yield  4  g 
of  adduct  (III)  (  87%).  Yellow  crystals  with  m.p.  78-79"  ( from  ethanol). 

Found  %:  C  64.74,  64.76;  H  5.10,  5.22.  CuHijOja.  Calculated  %;  C  64.72;  H  4.98. 

3.  Isomerization  of  adduct  ( III) .  1.6  g  of  adduct  (III)  was  dissolved  with  heating  in  3  ml  glacial  acetic 
acid  and  2-3  drops  of  acetic  acid  solution  of  hydrogen  bromide  was  added  to  the  solution.  Yield  1,1  g  of  white 
crystals  with  m.p.  153-154".  A  mixing  test  with  hydroquinone  (II)  gave  no  melting  point  depression, 

4.  Ethyl  ester  of  2-methyl-6,9-endoethylene-5-hydroxynaphthofuran-3-carboxylic  acid  (IV).  To  a  solu¬ 
tion  of  4  g  anhydrous  zinc  chloride  in  6,5  ml  anhydrous  ethyl  alcdiol  and  8.5  ml  acetoacetic  ester  was  added 

5  g  of  quinone  (I)  in  portions  with  mixing.  The  reaction  mass  was  heated  for  30  minutes  on  a  water  bath.  7  g 
of  ester  ( IV)  was  obtained  in  the  form  of  white  flakes  ( from  acetic  acid  and  gasoline).  Yield  87.5%.  M.p. 
192-193",  Found  %;  C  72.52,  72.65;  H  6.62,  6.59.  CigHi804.  Calculated  %;  C  72.50;  H.6.08. 

5.  2-Methyl -6, 9-endoethylene-5-hydroxynaphthofuran-3-carboxylic  acid  (V).  2.5  g  ester  ( IV)  was 
heated  for  15  minutes  with  a  solution  of  1.75  g  caustic  soda  in  25  ml  anhydrous  alcohol.  25  ml  water  was  added 
and  the  reaction  mass  was  heated  for  20  minutes  more.  The  solution  was  filtered  and  acidified  with  2  N  hydro¬ 
chloric  acid  until  an  acid  reaction  (on Congo).  Acid  (V)  was  recrystallized  from  50%  alcohol.  Yield  1.7  g 
white  crystalline  substance  with  m.p.  233"  (decomp.). 

6.  2-Methyl-6,9-endoethylene-5-methoxynat^thofuran-3-catboxylic  acid  (VI).  Methylation  of  acid 
(  V)  was  carried  out  by  the  usual  method.  1.1  g  acid  (V),  6  ml  of  2  N  caustic  soda  solution,  1  ml  dimethyl 
sulfate  and  0.9  g  solid  caustic  soda  were  taken  for  the  exj)eriment.  Methoxy  acid  (VI)  was  sublimed  at  190- 
200".  Yield  0.8  g  (70%).  M.p.  272"  (with  decomp). 

Found  %;  C  71.56,  71.45;  H  5.50,  5.65.  C17H16O4.  Calculated  %;  C  71.81;  H  5.67. 

SUMMARY 

1.  TTie  reaction  of  5, 8-endoethylene-l, 4-naphthoquinone  with  hydrogen  chloride  and  with  acetoacetic 
ester  was  studied. 

2.  The  compounds  2-chloro-5,8-endoethylenenaphthohydroquinone,  ethyl  2-methyl-6,9-endoethylene- 
-5-hydroxynaphthofuran-3-carboxylate,  2-methyl-6,9-endoethylene-5-hydroxynaphthofuran-3 -carboxylic  acid 
and  2-methyl-6,9-endoethylene-5-methoxynaphthofuran-3-carboxylic  acid  were  prepared. 
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HIGH-MOLECULAR  COMPOUNDS 


XCV.  THE  POLYESTERS  OF  THIODIVALERIC  ACID 
V.V.  Korshak  and  S.V.  Vinogradova 


For  the  purpose  of  studying  the  dependence  of  polyester  properties  on  the  structure  of  the  polymeric  chain 
and  the  nature  of  the  starting  substances  we  investigated  the  influence  of  the  structure  of  the  starting  glycols  on 
the  properties  of  polyesters  [1-7],  We  prepared  and  studied  the  polyesters  of  polymethylene  glycols  [1-6]  having 
the  general  formula  HO(  CHj)nOH  with  n  =  2,3,4,5,6,10,20,  and  also  glycols  of  the  type  of  diethylene  glycol  and 
triethylene  glycol,  i,e,,  glycols  containing  straight  ether  linkages  in  their  molecule  [4,5],  and  finally  we  studied 
the  glycols  with  side-chain  methyl  groups  [7,4]  ( propylene  glycol;  1,3-butanediol) .  The  influence  of  the  struc¬ 
ture  of  the  dicarboxylic  acids  on  the  properties  of  the  polyesters  derived  from  them  was  less  extensively  studied, 
inasmuch  as  only  the  acids  of  the  homologous  series  HOOC(  CH2)fjCOOH  were  used.  For  the  purpose  of  expand¬ 
ing  the  data  in  this  direction  we  began  a  study  of  the  influence  of  the  structure  of  the  starting  dicarboxylic  acids 
on  the  properties  of  the  polymers  derived  from  them.  As  our  first  study  subject  we  selected  the  polyesters  of 
thiodivaleric  acid,  the  preparation  of  which  was  realized  by  the  method  used  by  us  to  prepare  the  polyesters  of 
oxalic  and  malonic  acids  [2-5], 


Fig.  1.  Variation  in  the  melt¬ 
ing  points  of  thiodivaleric  acid 
polyesters  as  a  function  of  the 
number  of  carbon  atoms  in 
the  glycol  molecule. 


Fig.  2.  Variation  in  the  melting 
points  of  azelaic  acid  polyesters 
as  a  function  of  the  number  of 
carbon  atoms  in  the  glycol  mole 
cule. 


Number  of  carbon  atoms  in 


glycol 

Fig.  3.  Variation  in  the  melting  points 
of  sebacic  acid  polyesters  as  a  function 
of  the  number  of  ca'^bon  atoms  in  the 
glycol  molecule. 


Proceeding  from  the  data  in  Table  1,  and  also  from  the  graphical  representation  of  the  change  in  the 
melting  points  of  the  thiodivaleric  acid  polyesters  as  a  function  of  the  number  of  carbon  atoms  in  the  starting 
glycol,  shown  in  Fig,  1,  it  can  be  seen  that  in  measure  with  increase  in  the  length  of  the  methylene  chain  in 
the  starting  glycol  the  melting  points  of  the  polyesters  smoothly  increase  from  -38*  for  the  polyester  of  ethylene 
glycol  to  76®  for  the  polyester  of  eicosamethylene  glycol,  A  zigzag  nature  for  the  melting  point  changes,  so 
characteristic  for  other  dicarboxylic  acids,  fails  to  exist  in  the  present  case.  If  we  investigate  the  manner  in 
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which  the  melting  points  change  in  the  polyester  series  of  the  neighboring  polymethylene  dicarboxylic  acids, 
and  specifically,  those  of  azelaic  and  sebacic  acids,  we  can  see  that  here  the  curves  for  the  melting  point  changes 
fail  to  have  as  smooth  a  character  ( Figs.  2  and  3)  as  for  the  polyesters  of  thiodivaleric  acid,  where  the  influence 
of  the  "evenness  factor"  is  greatly  diminished.  The  melting  points  of  the  thiodivaleric  acid  polyesters  show  lower 
values  than  do  the  melting  points  of  the  corresponding  polyesters  of  azelaic  and  sebacic  acids.  Thus,  the  poly¬ 
ester  derived  from  thiodivaleric  acid  and  ethylene  glycol  is  a  liquid  with  m.p.  -38";  polyethylene  azelate  and 
polyethylene  sebacate  are  solids  with  respective  m.j.  of  44  and  72*;  the  polyester  from  thiodivaleric  acid  and 
trimethylene  glycol  melts  at  -39*,  polytrimethylene  glycol  azelate  melts  at  47*,  polytrimethylene  glycol  seba¬ 
cate  melts  at  49*,  etc.  The  diminished  influence  of  the  "evenness  factor"  [4]  and  the  lower  melting  points 
shown  by  the  thiodivaleric  acid  polyesters  when  compared  with  the  polyesters  of  sebacic  and  azelaic  acids  can 
apparently  be  explained  by  the  presence  of  the  -S-bond  in  the  starting  dicarboxylic  acid,  which  evidently  be¬ 
haves  in  the  same  manner  as  a  straight  ether  linkage  in  the  glycol  molecule,  facilitating  an  increase  in  the 
flexibility  of  the  polymeric  chain  due  to  free  rotation  of  the  methylene  groups  with  respect  to  this  bond,  which 
produces  a  reduction  in  the  melting  point  of  the  polymer.  The  polyesters  derived  from  thiodivaleric  acid  and 
glycols,  containing  side -chain  methyl  groups  and  a  straight  ether  linkage  in  their  chain  ( propylene  glycol,  1,3- 
-butanediol,  diethylene  glycol,  triethylene  glycol) ,  are  liquids  with  close  melting  points  ranging  from  -39  to 
-42*.  For  the  solid  polyesters  of  thiodivaleric  acid  ( from  the  polyester  of  tetramethylene  glycol  to  the  polyester 
of  eicosamethylene  glycol)  a  Hoppler  consistometer  was  used  to  determine  ( under  a  load  of  1  kg)  the  flow  points 
and  the  temperatures  of  transition  into  the  viscous  liquid  state.  The  character  of  the  changes  in  these  constants 
as  a  function  of  the  glycol  used  is  retained  in  the  same  manner  as  for  the  changes  in  the  melting  points  of  these 
polyesters.  The  temperature  interval  between  the  flow  point  and  the  temperature  of  transition  into  the  viscous 
liquid  state  for  the  polyesters  of  pentamethylene  glycol,  hexamethylene  glycol  and  decamethylene  glycol  is  1*, 
for  the  polyester  of  eicosamethylene  glycol  it  is  2.5*,  and  for  the  polyester  of  trimethylene  glycol  it  is  3,5*.  On 
the  basis  of  these  data  it  can  be  assumed  that  the  solid  polyesters  of  thiodivaleric  acid  are  crystalline.  The  tem¬ 
peratures  of  transition  into  the  viscous  liquid  state  are  lower  for  the  polyesters  of  thiodivaleric  acid  than  for  the 
corresponding  polyesters  of  sebacic  and  azelaic  acids.  Thus,  for  example,  the  temperature  of  transition  into  the 
viscous  liquid  state  for  the  polyester  of  thiodivaleric  acid  and  tetramethylene  glycol  is  39*,  for  poly  tetramethyl¬ 
ene  azelate  it  is  51*,  for  polytetramethylene  sebacate  it  is  69*,  for  the  polyester  of  thiodivaleric  acid  and  deca-- 
methylene  glycol  it  is  59*,  for  polydecamethylene  sebacate  it  is  78*,  etc.  The  melting  points,  flow  points  and 
temperatures  of  transition  into  the  viscous  liquid  state  for  some  of  the  sebacic  acid  polyesters  are  given  in  Table 
2.  A  reduction  in  the  temperatures  of  transition  into  the  viscous  liquid  state  for  the  thiodivaleric  acid  polyesters 
indicates  a  greater  flexibility  of  the  polymeric  chains  in  these  polyesters  when  compared  with  the  polyesters  of 
normal  dicarboxylic  acids. 


TABLE  1 


Polyester 

Temperature 

Solu¬ 
bility 
in  al¬ 
cohol 

(g/ 

liter) 

Specific 
viscos¬ 
ity  of 
0.5% 
polyes  - 
ter  so¬ 
lution 

in  ben¬ 
zene 

Molecular 

weight 

of  melting 

of  flow 

of  trans¬ 
ition  in¬ 
to  the 

viscous 

liquid 

state 

-CO(CH,)  4S(  CHj)  4COO(  CH,)  jQ- 

•38  to  -34* 

6.2 

0.095 

3530 

-CO(CHi)  4S(  CH,)  4COO(  CH,)  ,0- 

-39  to  -36 

- 

- 

6.3 

0.075 

2760 

-CCXCH,)  4S(  CH,)  4COO(  CH,)  4O- 

37-38 

42,5* 

39* 

10,0 

0.13 

4720 

-CCXCH,)4S(  CH,)4C00(  CH,)  5O- 

40-42 

44 

43 

11.35 

0.071 

2580 

-C0(CH,)4S(  CH,)4C00(  CH,)60- 

44-46 

46 

44 

4.65 

0.19 

6603 

-CO(CH,)  4S(  CH,)  4C00(  CH,)  mO- 

54-57 

60.5 

59 

3.3 

0.15 

5200 

-C0(CH,)4S(  CH,)4C00(  CH,),oO- 

76-79 

85.5 

83 

0.93 

0.21* 

3560 

-CO(CH,)  4S(  CH,)  4C00CH,CH0- 

-39  to  -34 

- 

- 

15.7 

0.05 

1970 

CH, 

-CCXCH,)4S(CH,)4C00CH,CH,CH0- 

41  to  -36 

- 

- 

14.9 

0.058 

2250 

CH3 

-CO(CH,)  4S(CH,)4C00CH,CH,0CH,CH,0- 

-39  to  -35 

- 

- 

7.95 

0.054 

1960 

-co(ch,)4S{Ch,)4CO(Cx;h,ch,)30- 

-42  to  -37 

— 

11.05 

0.045 

1600 

*  In  cresol . 
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Polyesters 

Jemperature 

Specific  vis¬ 

cosity  of 
0.5%  poly¬ 
ester  solu¬ 
tion  in  ben¬ 
zene 

Molecular 

weight 

of  melting 

of  flow 

of  transition 
into  tile  vis¬ 
cous  liquid 
state 

-co(CH,)  ,ccxx:h,ch20- 

74-77* 

80.5* 

79* 

0.135 

4700 

-CCXCHj)  jCOO(CH,)  3O- 

49-51 

56 

54 

0.062 

2150 

-COCCH,)  gCOOfCH,)  50- 

65-67 

69 

68 

0.12 

4130 

-CO(CH,)  jCOCKCH,)  5O- 

53-57 

55 

54 

0.088 

2290 

-COfCHj)  gCOOfCH,)  gO- 

69-68 

72 

70 

0.135 

4560 

-CCXCH,)  gCOOfCH,)  10  0- 

75-77 

80 

78 

0.225 

7400 

-COfCH,)  gCOO(CH|)  20  0- 

91-92 

93 

92 

0.24* 

4110 

-co(CHi)  8CO(cx:h2CH2)  2O- 

45-47  - 

50 

48 

0.1 

3460 

-C0(CH2)  8C0(0CH2CH2)  3O- 

33-35 

39 

26 

0.11 

3740 

♦  In  cresol. 


Determination  of  the  alcohol  solubilities  of  the  thiodivaleiic  acid  polyesters  revealed  that  the  solubility 
values  are  comparatively  low,  ranging  for  the  different  polymers  from  0.93  to  15.7  g/liter. 

In  conclusion  the  authors  wish  to  thank  R.Kh.  Freidlina  for  graciously  placing  the  thiodivaleric  acid  at 
their  disposal. 


SUMMARY 

1.  Polyesters  derived  from  thiodivaleric  acid  and  glycols  of  general  formula  HO(  CH2)^OH  with  n  =  2,3, 
4,5,6,10  and  20,  and  also  propylene  glycol,  1,3-butanediol,  diethylene  glycol  and  triethylene  glycol,  were  pre¬ 
pared. 

2.  The  melting  points,  flow  points,  temperatures  of  transition  into  the  viscous  liquid  state,  solubilities  in 
alcohol  and  the  specific  viscosities  of  0.5%  solutions  in  benzene  were  determined  for  the  obtained  polyesters. 

3.  It  was  shown  that  the  introduction  of  the  sulfide  bond  into  the  molecule  of  a  dicarboxylic  acid  ( sebacic) 
leads  to  a  reduction  in  the  melting  points  of  the  polyesters  derived  from  it  when  compared  with  the  correspond¬ 
ing  polyesters  of  sebacic  and  azelaic  acids,  and  also  to  a  diminished  importance  of  the  "evenness  factor”. 

4.  For  the  purpose  of  comparing  the  melting  points,  flow  points  and  temperatures  of  transition  into  the 
viscous  liquid  state  of  the  polyesters  of  thiodivaleric  and  sebacic  acids  the  data  for  these  constants  are  given  for 
a  number  of  sebacic  acid  polyesters. 
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HIGH-MOLECULAR  COMPOUNDS 


XCVI.  SYNTHESIS  AND  POLYMERIZATION  OF  4-VINYLPHENYLETHANE 
G.S.  Kolesnikov,  V.V.  Korshak  and  I.P.  Kulyulin 


4-Vinyldiphenylethane  is  a  monomer  that  up  to  now  has  not  been  described  in  the  literature;  its  synthesis 
and  polymerization  are  of  undoubted  interest  for  the  reason  that  it  is  not  clear  how  the  introduction  of 
the  6  -phenethyl  radical  in  the  para  position  of  the  styrene  molecule  will  influence  the  properties  of  the  polymer, 
in  particular,  the  temperature  of  transition  into  the  viscous  liquid  state.  It  is  known  that  increase  in  the  chain 
length  of  the  alkyl  substituent  in  £-alkylstyrenes  leads  to  a  reduction  in  the  softening  temperatures  of  the  poly¬ 
mers  that  are  obtained  by  the  polymerization  of  these  monomers  [1].  At  the  same  time  there  are  statements  in 
the  literature  [2]  that  the  polymer  of  4-vinyldiphenylethane,  obtained  by  the  dehydration  of  4-(  a-hydroxyethyl)- 
diphenylethane,  fails  to  melt  when  heated  to  300*,  on  the  basis  of  which  it  can  be  concluded  that  the  introduc¬ 
tion  of  a  6  -phenethyl  group  into  styrene  raises  the  softening  temperature  of  its  polymer. 

We  synthesized  4-vinyldiphenylethane  in  the  following  manner.  Diphenylethane,  obtained  by  reacting 
benzene  with  dichloroethane  in  the  presence  of  aluminum  chloride  [3],  was  brominated  in  the  presence  of  iron 
[4]  and  gave  4-bromodiphenylethane.  The  structure  of  the  4-bromodiphenylethane  was  proved  by  its  oxidation 
with  potassium  permanganate  to  benzoic  and  £-bromobenzoic  acids.  From  4-bromodiphenylethane  we  obtained 
the  organomagnesium  compound  in  the  usual  manner,  the  reaction  of  which  with  ethylene  oxide  gave  4-(6-hy- 
droxyethyl)  diphenylethane.  The  structure  of  the  latter  was  proved  by  its  oxidation  to  a  mixture  of  benzoic  and 
terephthalic  acids.  We  also  prepared  the  previously  unknown  esters  of  4-(  S -hydroxyethyl)  diphenylethane  with 
acetic  and  benzoic  acids.  The  heating  of  4-(  6 -hydroxyethyl) diphenylethane  with  potassium  hydroxide  in  vacuo 
gave  the  previously  unknown  4-vlnyldiphenylethane. 

The  polymerization  of  4-vinyldiphenylethane  and  its  copolymerization  with  methyl  methacrylate  and  with 
styrene  was  run  in  the  presence  of  0.3%  benzoyl  peroxide  under  heating  in  evacuated  sealed  ampuls.  For  the 
polymers  and  copolymers  obtained  in  this  manner  we  determined  the  temperature  of  transition  into  the  viscous 
liquid  state  (using  a  Hoppler  consistometer  and  a  load  of  1  kilogram  /cm*)  and  the  specific  viscosity  of  their 
benzene  solutions  ( 0.3  g  of  polymer  in  100  ml  of  benzene).  The  obtained  results  are  given  in  the  table. 


TABLE 

Properties  of  the  Polymers  and  Copolymers  of  4-Vinyldiphenylethane 


Composition  of  the  starting  mixture  of 

monomers  ( in  mole  %)  i 

Temperature  of  trans¬ 
ition  into  the  viscous 
liquid  state 

Specific  viscosity  of 
the  polymer  solution 
in  benzene  at  20* 

4-Vinyldiphenyl- 

ethane 

methyl  metha¬ 
crylate 

styrene 

100.0 

0.0 

44* 

0.127 

81.3 

18.7 

- 

54 

0.131 

49.5 

50.5 

- 

63 

0.547 

24.4 

75.6 

88 

0.652 

0.0 

100.0 

110 

0.683 

76.4 

- 

23.6  j 

53 

0.129 

50.0 

- 

50.0  ! 

68 

0.136 

25.6 

- 

74.4 

78 

0.193 

0.0 

• 

100.0 

91 

0.269 

845 


From  the  data  in  the  table  it  can  be  seen  that  the  temperature  for  the  transition  of  the  4-vinyldiphenyl- 
ethane  polymer  into  the  viscous  liquid  state  is  considerably  lower  than  it  is  for  either  polystyrene  or  polymethyl 
methacrylate.  For  the  copolymers  of  4-vinyldiphenylethane  with  either  styrene  or  methyl  methacrylate  the  tem¬ 
perature  of  transition  into  the  viscous  liquid  state  rises  in  measure  with  decrease  in  the  amount  of  4-vinyldiphenyl¬ 
ethane  in  the  starting  mixture  of  monomers.  As  a  result,  the  data  of  Yura  and  Oda  [2]  on  the  high  melting  point 
of  the  4-vinyldiphenyletliane  polymer  does  not  agree  with  fact. 

The  reduction  in  the  temperature  of  transition  into  the  viscous  liquid  state  when  the  13-phenethyl  radical 
is  introduced  into  the  benzene  ring  of  the  elementary  polystyrene  unit  in  the  para  position  can  be  explained  by 
the  fact  that  due  to  the  larger  volume  of  the  substituent  the  interaction  between  the  individual  polymer  mole¬ 
cules  is  weakened,  which  is  manifested  in  a  reduction  of  the  temperature  of  transition  into  the  viscous  liquid 
state.  A  reduction  in  the  number  of  such  substituents  as  the  result  of  copolymerization  with  another  monomer, 
for  example  with  styrene,  leads  to  the  situation  that  interaction  between  the  polymer  molecules  is  weakened  in 
less  degree,  as  a  result  of  which  the  temperature  of  transition  into  the  viscous  liquid  state  rises. 

EXPERIMENTAL 

4-Bromodiphenylethane  [2].  In  a  four -necked  flask  fitted  with  stirrer,  reflux  condenser,  thermometer 
reaching  almost  to  the  bottom  of  the  Task  and  dropping  funnel,  was  placed  485  g  diphenylethane,  prepared 
from  benzene  and  dichloroethane  [3],  and  10  g  Iron  filings  or  shavings.  The  contents  of  the  flask  were  heated 
to  55*  and  421  g  dry  bromine  was  added  with  stirring  in  the  course  of  2  hours;  30  minutes  after  addition  of 
bromine  had  started,  the  temperature  in  the  flask  was  lowered  to  40*.  After  all  the  bromine  had  been  added, 
the  contents  of  the  flask  were  heated  for  1.5  hours  on  a  boiling  water  bath  and  set  aside  overnight.  The  reaction 
mixture  was  dissolved  in  300  ml  benzene  and  the  benzene  solution  was  washed  twice  with  IQPto  alkali  solution 
and  then  4  times  with  water.  The  benzene  solution  was  dried  with  calcium  chloride,  the  benzene  was  driven 
off  and  the  residue  was  vacuum -distilled.  Yield  295-305  g  of  crude  4-bromodiphenylethane  (36.5-38%)  with 
b.p.  141-143*  (3-4  mm).  A  repeated  distillation  gave  250-260  g  4-bromodiphenylethane  with  b.p.  145-147® 

(4  mm),  dU  1.2827,  nfj  1.5942. 

Found  %:  C  64.44,  64.54;  H  5.10,  5.01;  Br  30.12,  29.93.  C^HiaBr.  Calculated  %:  C  64.38;  H  5.02; 

Br  30.60. 

Oxidation  of  4-bromodit^enylethane.  5  g  of  4-bromodiphenylethane,  500  ml  water,  1  g  caustic  soda  and 
4  g  potassium  permanganate  were  boiled  until  the  violet  color  disappeared  and  then  potassium  permanganate  was 
added  in  2  g  portions  until  oxidation  was  complete.  The  mixture  of  acids  was  precipitated  from  alkaline  solu¬ 
tion  by  the  usual  method  and  set  aside  overnight.  The  crystals  which  came  down  were  filtered  off  and  the  fil¬ 
trate  was  extracted  8  times  with  benzene.  The  benzene  extracts  were  combined,  benzene  was  driven  off  from 
them  and  the  residue  was  combined  with  the  crystals.  The  mixture  of  solid  products  was  extracted  twice  with 
boiling  distilled  water  and  the  insoluble  portion  was  filtered  off.  The  crystals  which  came  down  from  the  aqueous 
extract  had  m.p.  120-121*  and  gave  no  depression  in  mixture  with  known  benzoic  acid.  The  oxidation  products 
that  were  insoluble  in  water,  after  drying,  had  m.p.  249-250*;  according  to  literature  data,  p-bromobenzoic 
acid  has  m.p.  251-253*  [6]. 

Found  %:  C  42.09,  42.02;  H  2.73,  2.66;  Br  39.20,  38.88.  CyHsO^Br.  Calculated  %:  C  41.82;  H  2.52; 

Br  39.40. 

4-(  S-Hydroxyethyl) diphenylethane.  In  a  500  ml  3 -necked  flask  fitted  with  stirrer,  reflux  condenser, 
thermometer  and  dropping  funnel  was  placed  15.5  g  magnesium  and  200  ml  dry  ether.  One  fifth  of  a  solution 
of  166  g  4-bromodiphenylethane  in  150  ml  dry  ether  was  added  to  the  flask  and  after  the  reaction  started,  the 
remainder  of  the  4-bromodiphenylethane  solution  was  added;  the  reaction  mixture  was  then  boiled  for  3  hours 
with  stirring.  The  reaction  mixture  was  cooled  to  -12®  and  a  solution  of  35  g  ethylene  oxide  In  100  ml  dry 
ether,  previously  cooled  to  -16®,was  slowly  added  with  stirring  to  the  reaction  mixture.  During  addition,  the 
solution  was  held  at  -12  to  -18*.  When  the  reaction  was  complete,  the  organomagnesium  compound  was  decom¬ 
posed  with  100  ml  of  30%  ammonium  chloride  solution,  the  ethereal  layer  was  separated  off  and  dried  with  an¬ 
hydrous  magnesium  sulfate.  The  ether  was  driven  off  from  the  solution  and  the  residue  was  vacuum -distilled,  the 
fraction  with  b.p.  179-181*  (4  mm)  was  collected.  After  one  more  vacuum -distillation,  63-70  g  (44-49%)  of 
4-(  6-hydroxyethyl) diphenylethane  was  obtained.  After  recrystallization  from  benzene,  it  had  m.p.  62.5-63.5*; 
a  repeated  recrystallization  failed  to  raise  the  melting  point.  The  literature  data  [5]  give  b.p.  172®  (3  mm), 
m.p.  67-68*. 

Fohnd  %:  C  84.81,  84.71;  H  8.04,  7.93.  M  224,227,222  ( Rast) .  CigHigO.  Calculated  %:  C  84.91;  H  8.02; 
M  226.3. 
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Oxidation  of  4-(  fl-hydroxyethyl)cllphenylethane.  Oxidation  was  carried  out  In  the  same  manner  as 
the  oxidation  of  4-bromodlphenylethane.  The  oxidation  products  were  boiled  with  ethyl  alcohol  and  filtered. 

After  cooling,  benzoic  acid  crystals  came  down  from  the  filtrate  and  had  m.p.  119-120*.  The  oxidation  pro¬ 
ducts  which  were  Insoluble  In  ethyl  alcohol  were  fused  with  phosj^orus  pentachlorlde,  the  cooled  fusion  was 
treated  with  methyl  alcohol  and  poured  Into  a  2-3-  fold  volume  of  water.  The  precipitate  which  came  down 
was  filtered  off  and  recrystalllzed  from  aqueous  methyl  alcohol;  m.p.  139-140*.  A  mixture  with  the  dimethyl 
ester  of  terephthallc  acid  gave  no  melting  point  depression. 

Ester  of  4-(  fl-hydroxyethyl) dlphenylethane  and  acetic  acid.  4  g  of  4-(  fl-hydroxyethyl)dlphenylethane, 

9  g  of  acetic  anhydride  and  0.9  g  of  freshly  fused  sodium  acetate  were  heated  for  1  hour  In  a  flask  under  reflux. 
The  reaction  mixture  was  cooled  to  40-50*,  90  ml  of  water  was  added  and  It  was  set  aside  for  2  hours.  It  was 
then  extracted  several  times  with  ether,  the  ethereal  solution  was  washed  with  sodium  bicarbonate  solution, 
dried  with  sodium  sulfate,  the  ether  was  driven  off  and  the  residue  was  distilled  In  vacuum,  the  fraction  with 
b.p.  138-140*  (4  mm)  was  collected.  Yield  3  g  (  64‘7o). 

d|g  1.0661,  ng  1.547,  MRd  80.31;  calc.  79.8. 

Found  <7o:  C  80.52,  80.55;  H  7.56,  7.41.  CigHjoOj.  Calculated  <70:  C  80.55;  H  7.51. 

Ester  of  4-(  S-hydroxyethyl) dlphenylethane  and  benzoic  acid.  A  suspension  was  made  of  1.5  g  4-(  6-hy- 
droxyethyl)  dlphenylethane  In  20  ml  20-30%  caustic  soda  solution  In  a  flask  with  a  ground  stopper  and  to  this 
was  added  benzoyl  chloride  In  small  portions.  After  the  reaction  of  benzoyl  chloride  with  4-(  6-hydroxyethyl)  - 
dlphenylethane  had  ceased,  the  reaction  product  was  filtered  off  and  recrystalllzed  from  alcdiol.  Yield  1.6  g 
(73%),  m.p.  91.5-92.5*. 

Found  %:  C  83.16,  83.08;  H  6.73,  6.74.  CisHjtOj.  Calculated  %:  C  83.06;  H  6.71. 

4-Vlnyldlphenylethane.  In  a  Clalsen  flask  with  a  low  soldered  outlet  was  placed  10.2  g  4(  8-hydroxyethyl)  - 
dlphenylethane,  3.2  g  caustic  potash  and  a  small  amount  of  hydroqulnone.  The  flask  was  heated  In  a  bath  with 
Wood's  alloy  to  220-222*  under  a  residual  pressure  of  6  mm;  the  reaction  products  were  condensed  In  a  water 
condenser.  Yield  of  crude  product  was  8  g  (  85%) .  The  crude  4-vlnyldlphenylethane  was  washed  3  times  with 
10%  solution  of  alkali,  then  with  distilled  water  until  the  reaction  was  neutral,  carefully  separated  from  the  water, 
dried  with  anhydrous  magnesium  sulfate  and  vacuum -distilled,  the  fraction  with  b.p.  129-131*  (4  mm)  was  col¬ 
lected.  The  obtained  4-vinyldi’phenylethane  was  repeatedly  recrystalllzed  from  ethyl  alcohol  at  a  temperature 
of  from  -18  to  -12*.  M.p.  29.3-29.7*. 

Found  %:  C  92.30,  92.10;  H  7.85,  7.77.  M  204,212,206.  CigHig.  Calculated  %:  C  92  25;  H  7.75. 

M  208.3. 

4-(  a, 8  -Dlbromoethyl) dlphenylethane.  1-2  g  4-vinyldiphenylethane  was  dissolved  In  chloroform  and  a  0.1 
N  solution  of  bromine  in  glacial  acetic  acid  was  added  at  room  temperature.  The  reaction  mixture  was  diluted 
with  water,  the  solution  in  chloroform  was  separated,  washed  with  water,  dried  and  the  chloroform  was  driven 
off.  The  solid  residue  was  recrystalllzed  from  ethyl  alcohol,  m.p.  64.5-65.5*. 

Polymerization  and  copolymerization  of  4-vlnyldl[Aienylethane.  Polymerization  and  copolymerization 
were  carried  out  in  evacuated  sealed  ampuls;  In  all  cases  benzoyl  peroxide  was  used  as  the  initiator  (  0.3%  of 
weight  of  monomers) .  The  temperature  rose  from  60  to  129*  in  the  course  of  90  hours  during  polymerization 
of  4-vinyldiphenylethane  and  its  copolymerization  with  methyl  methacrylate.  The  temperature  rose  from  60 
to  129*  in  the  course  of  88  hours  during  the  copolymerization  of  4-vinyldiphenylethane  with  styrene. 

SUMMARY 

4-Vinyldlphenylethane  was  synthesized,  its  polymer  and  its  copolymers  with  styrene  and  with  methyl 
methacrylate  were  obtained,  and  the  high-molecular  substances  obtained  In  this  manner  were  characterized. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  VINYL  ETHERS  OF 
HIGHER  POLYATOMIC  ALCOHOLS  AND  CELLULOSE 

II,  VINYL  ETHERS  BASED  ON  CELLULOSE* 

M.F.  Shostakov&ky,  E.N.  Prilezhaeva  and  L.V.  Tsymbal 


In  this  work  we  studied  the  conditions  for  the  extension  of  the  A.E.  Favorsky  and  M.F.  Shostakovsky  vinyl- 
ation  reaction  [1]  to  cellulose.  Interest  in  the  vinyl  ethers  of  cellulose  had  been  shown  earlier,  but  the  informa¬ 
tion  existing  on  them  in  the  literature  is  extremely  contradictory,  S,N,  Ushakov  and  I,M,  Geller  [2]  briefly  des¬ 
cribed  the  preparation  of  mixed  cellulose  ethers,  containing  vinyl  and  ethyl  groups,  via  the  chlorination  of 
ethylcellulose  and  subsequent  cleavage  of  hydrogen  chloride  under  the  influence  of  either  an  organic  base  or 
alkali,  A,E,  Favorsky,  V,I,  Ivanov  and  Z,I,  Kuznetsova  [3]  indicate  the  preparation  of  a  mixture  of  mono-,  di- 
and  trisubstituted  vinyl  ethers  of  cellulose  by  treatment  of  the  latter  with  acetylene  in  the  presence  of  potassium 
hydroxide  ( the  exact  conditions  for  running  the  process  are  not  given) ,  The  conclusions  as  to  the  composition 
of  the  obtained  products  are  based  only  on  elementary  analysis.  The  presence  of  vinyl  groups  was  shown  quali¬ 
tatively  by  the  liberation  of  acetaldehyde  in  acid  medium.  For  the  purpose  of  obtaining  vinyl  ethers  of  cellulose 
V,V,  Shtishevsky,  A. A,  Obolonskaya  and  N,I,  Nikitin  [4]  treated  the  latter  with  acetylene  in  either  water  or 
butanol  medium  in  the  presence  of  20-40?}  caustic  potii si.  solution  at  130-170*  for  ’18-7^')  IfChrs.  T!\e  .  uti  oi-s .  sscrt 
thit  inst:;af.l  of  vinyl  atlicis  tluy  obtained  oiily  difficult  y  hydrolyz  ible  tricicric  r.’cotals. 

To  realize  the  direct  synthesis  of  vinyl  ethers  from  cellulose  and  acetylene,  we  selected  as  a  model  sub¬ 
stance,  structurally  imitating  the  cellulose  unit,  the  o-methylglucoside  molecule.  It  was  shown  that  the  vinyl- 
ation  of  the  latter  is  best  carried  out  with  a  large  excess  of  acetylene  in  dioxane  medium  and  in  the  presence 
of  potassium  hydroxide  [5],  Here  "exhaustive”  vinylation  gave  the  fully  substituted  tetravinyl  ether  of  o-methyl¬ 
glucoside  in  up  to  85?o  yield. 

To  synthesize  the  cellulose  vinyl  ethers,  cotton  cellulose  was  first  converted  into  alkali  cellulose  by  treat¬ 
ment  with  potassium  hydroxide,*  *  and  then  it  was  heated  in  dioxane  medium  with  a  10  to  15-fold  excess  of 
acetylene  against  the  theoretical  required  for  exhaustive  vinylation.  The  yields  of  the  ethers  ranged  from  60-80?q 
in  which  connection  the  reaction  proved  to  be  extremely  sensitive  to  the  least  disturbance  of  our  found  regime. 
The  results  of  the  corresponding  experiments  are  summarized  in  Table  1.  The  maximum  yield  of  completely 
dioxane -soluble  ethers  with  degree  of  substitution  x  =  2. 0-2,3  is  achieved  at  130-150*  for  5  hours,  in  which  con¬ 
nection  further  increase  in  the  reaction  time  fails  to  lead  to  a  higher  degree  of  substitution,  but  only  to  partial 
decomposition  of  the  molecule.  If  either  a  shorter  heating  time  or  a  lower  temperature  is  employed,  then  the 
main  reaction  product  constitutes  ethers  of  comparatively  low  substitution  and  proving  to  be  insoluble  in  dioxane. 
In  a  medium  of  subh  solvents  as,  for  example,  dibutyl  ether  and  dibutyl  acetal,  being  solvents  for  acetylene  and 
and  failing  to  dissolve  the  reaction  products,  the  vinylation  reaction  fails  to  proceed  under  these  conditions,  and 
instead  destruction  of  the  cellulose  is  observed. 

The  dioxane -soluble  cellulose  vinyl  ethers  were  purified  by  precipitation  with  water  from  dioxane  and  ex¬ 
traction  with  sulfuric  ether.*  *  *  After  this  precipitation  an  additional  portion  of  ethers  ( obviously,  having  a 
lower  molecular  weight)  was  obtained  by  salting  out  from  the  aqueous -dioxane  solution  with  sodium  chloride, 

*For  Communication  I  see  Proc,  Acad,  Sci,  USSR  96,  99  ( 1954). 

*  *  Poorer  results  were  obtained  if  sodium  hydroxide  was  used  for  the  mercerization. 

*  *  *The  ethyl  ether  washed  out  tarry  by-products,  possessing  a  disagreeable  phenolic  odor  and  showing  a  higher 
carbon  content  than  the  cellulose  vinyl  ethers  themselves.  Judging  by  the  control  experiment,  similar  tars  are 
also  formed  in  the  absence  of  cellulose  when  acetylene  is  reacted  with  alkali  in  dioxane  medium  at  130-150* 
and,  apparently,  they  partially  consist  of  acetylene  polymers. 
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TABLE  1 


Synthesis  of  Cellulose  Vinyl  Ethers  in  Dioxane  Medium 


Reaction  conditions 

Yield  of  vinyl 

ethers  ( in%) 

Yield  of  ether- 

Time  of  heat- 

jTemperature 

1  Soluble  in 

Soluble  in 

Insoluble  in 

Total  yield 

soluble  tar  ( in  % 

ing  ( in  hours) 

1  of  heating 

dioxane 

aqueous- 

dioxane 

1  1 

1  1 

on  the  cellulose 

X  =  2,0-2.3 

dioxane 

weight) 

! 

solution 

j  1 

X  - 1.3-1,5 

3 

130-150*  1 

1  13-23 

12 

25-45  (X  =  1.5)  1 

;  60-70 

7-10 

5 

1  130-150  i 

46-70 

10-12 

1 

!  58-80 

17-34 

11 

130-150  1 

58-66 

10-12 

—  1 

j  70-77 

15-29 

17 

130-150 

53-68 

26-29 

j 

1  82-84 

17-29 

5 

120-135 

1 

8.0 

1 

44.2  (x  =  2.0) 

i  52.2 

5-10 

As  a  criterion  for  the  purity  of  the  cellulose  ethers  we  took  the  agreement  of  the  degree  of  etherification, 
calculated  from  the  elementary  analysis  data,  with  the  value  calculated  on  the  basis  of  titrating  the  acetalde¬ 
hyde  in  the  acid  hydrolyzate. 

The  properties  of  the  soluble  ethers  with  a  substitution  degree  of  2, 0-2. 3  v/ere  studied  in  more  detail. 

They  are  light,  slightly  yellowish,  infusible,  powderlike  substances,  acquiring  the  odor  of  acetaldehyde  when 
stored.  They  gradually  begin  to  char  at  220*.  They  are  readily  soluble  in  pyridine,  show  limited  solubility  in 
dioxane  ( ~  IQPjo),  are  even  less  soluble  in  chloroform  and  acetone,  show  swelling  in  benzene,  xylene  and  carbon 
tetrachloride,  and  are  insoluble  in  water,  alcohols,  simple  ethers,  hexane,  petroleum  ether  and  cuprammonium 
solution;  their  solubility  decreases  when  the  operations  of  solution,  precipitation  and  drying  are  repeated;  evap¬ 
oration  of  the  solutions  falls  to  yield  strong  films.  The  viscosities  of  the  cellulose  vinyl  ethers  in  dioxane  are 
shown  in  Table  2. 

The  cellulose  vinyl  ethers  show  a  number  of  qualitative  reactions, 
characteristic  for  other  simple  vinyl  ethers  [6].  They  decolorize  bromine 
water,  and  with  aqueous  acid  they  give  acetaldehyde  and  a  highly  destroyed 
cellulose  residue  (  with  a  polymerization  degree  of  40-50) .  Under  the  in¬ 
fluence  of  boron  etherate  in  dioxane  medium  they  show  slow  polymerization, 
in  which  connecticMi  a  1-2% solution  of  the  vinyl  ether  congeals  to  a  gel. 

When  shaken  with  iodine  in  methanol  medium  the  ethers  combine  with  io¬ 
dine  ( 75-80%  [7],  based  on  x  =  2.0) . 


TABLE  2 

Concentra- 

T)  ( relative) 

tion  ( in  %) 

0.1 

1.05 

1.0 

1.77 

5,0 

17.13 

The  degree  of  etherification  shown  by  the  vinyl  ethers  was  determined  by  titration  of  the  acetaldehyde  in 
the  acid  hydrolyzate,  formed  when  the  weighed  ether  sample  was  shaken  with  1  N  hydrochloric  acid  at  15-25* 
(for  10-12  hours).*  It  is  inadvisable  to  run  the  hydrolysis  at  higher  temperatures,  since  at  80®  the  acetaldehyde 
is  bound  as  the  result  of  secondary  reactions.  The  experimental  results  of  determining  the  degree  of  etherifica¬ 
tion  ate  summarized  in  Table  3.  For  the  vinyl  ethers,  obtained  under  a  vinylation  time  of  3  to  11  hours,  the 
values  of  x,  determined  by  the  two  methods,  show  good  agreement.  For  the  products,  obtained  as  a  result  of 
longer  heating,  even  with  extremely  careful  purification  such  good  agreement  cannot  be  achieved,  which  is  ev¬ 
idence  that  irreversible  destructive  processes  take  place  here. 

As  a  result,  the  vinyl  ethers,  obtained  on  the  basis  of  cellulose,  contain  about  two  vinyl  groups  per  cellu¬ 
lose  unit.  It  is  extremely  probable  that  in  the  first  phase  the  secondary  hydroxyl  groups  on  carbon  atoms  2  and  3 
suffer  vinylation,  since,  as  It  was  recently  shown  [8],  these  hydroxyls  are  considerably  more  active  than  are  the 
primary  hydroxyl  groups  of  cellulose  when  the  latter  is  subjected  to  etherification  in  alkaline  medium. 

The  course  for  destruction  of  the  cellulose  molecule,  proceeding  during  the  synthesis  of  the  vinyl  ethers, 
is  shown  in  Table  4.  The  greatest  damage  to  the  molecule  proceeds  parallel  with  the  vinylation  reaction.  Judg¬ 
ing  by  their  powderlike  nature  and  the  Kp  value  of  the  cellulose  residue,  formed  during  their  hydrolysis,  the  de¬ 
gree  of  polymerization  shown  by  the  vinyl  ethers  should  lie  in  the  40-100  interval  [9].  As  a  result,  the  vinylation 
process  leads  to  a  roughly  40 -fold  reduction  in  the  degree  of  polymerization.  At  the  same  time  in  preparing, 

*It  was  shown  by  special  experiments  that  crotonization  of  the  acetaldehyde  fails  to  occur  under  the  indicated 
conditions. 
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for  example,  cellulose  nitrates,  the  Kp  value  is  diminished  a  total  of  only  5-10  times,  and  under  mild  acetyla¬ 
tion  conditions  by  only  3-4  times  [8].  Consequently,  in  a  strict  sense  the  comparatively  low-molecular  weight 
products  obtained  by  us  are  not  "vinyl  ethers  of  cellulose  However,  due  to  the  presence  of  reactive  double 
bonds  in  them,  they  can  serve  as  a  start  for  further  syntheses  based  on  cellulose. 


TABLE  3 

Determination  of  x  for  Dioxane -Soluble  Vinyl  Ethers  of  Cellulose,  Obtained  Under  Variable  Duration  of  Vinylation 


Expt. 

Nos. 

Duration  of  | 

vinylation  j 

( In  hours)  ] 

\  Amount  of  acetaldehyde  ( in  g  per 
100  g  of  substance) 

Calculated  x 

Found  by  titra¬ 

tion  after  hy¬ 
drolysis 

Calculated  from 

the  elementary 
analysis 

From  the  hydro-  j 
lysis  data 

From  the  element¬ 
ary  composition 

25 

3 

42.6 

42.3 

2.10 

2.05 

24 

5 

42.7 

42.3 

2.10 

2.05 

16 

11 

44.1 

44.2 

2.20 

2.20 

17 

17 

39.3 

44.7 

1.90 

1 

2.30 

TABLE  4 

Change  in  the  Degree  of  Polymerization  Kp  at  Different  Stages  in  the  Synthesis  of  Vinyl  Ethers 


Character  of  the  cellulose 

Specific  vis¬ 
cosity  of  an 
0.1%  cup- 
rammonium 

solution 

1.55-1.51 

3000-3100 

Immediately  regenerated  from  alkali  cellulose .  I 

0.75-0.95 

1500-1900 

Regenerated  from  alkali  cellulose,  kept  under  dioxane  for  3  days ...  | 

Regenerated  from  alkali  cellulose,  heated  with  dioxane  for  5  hours 

1  0.45-0.50 

i 

900-1000 

at  125-145®  in  the  presence  of  nitrogen  (  at  35  atm.) . 

0.25-0.35  . 

,  500-700 

Formed  during  the  hydrolysis  of  cellulose  vinyl  ethers . 

Regenerated  from  alkali  cellulose,  heated  in  dibutyl  ether  for  5  hours 

0.016-0.025  j 

i  35-50 

at  110-130®  in  the  presence  of  acetylene  ( pressure  50  atm.)  .  . 

0.25-0.35 

500-700 

EXPERIMENTAL 

The  starting  material  was  refined  cotton  cellulose  which  had  a  moisture  content  of  5%,  ash  content  0.5*70 
and  degree  of  polymerization  (determined  viscosimetrically  in  0.1<7o  cuprammonium  solution)  3000-3100.  The 
dioxane  was  purified  by  the  method  of  Hess  and  Frahm  [10]. 

Alkali  cellulose  was  prepared  directly  before  the  experiment  by  treatment  of  pulverized  cellulose  with  a 
23%  caustic  potash  solution  and  subsequent  pressing.  The  total  quantity  of  alkali  contained  in  the  alkali  cellu¬ 
lose  at  a  pressing  coefficient  of  3  [11]  was  about  0.3  g  per  1  g  cellulose.  The  alkali  cellulose  was  washed  with 
50  ml  of  dioxane  to  remove  excess  water.  3-5  g  of  cellulose  was  taken  for  the  experiments  ( 10-15  g  of  alkali 
cellulose)  and  40  ml  dioxane  per  1  g  of  cellulose.  The  experiments  were  carried  out  in  a  rotating  autoclave 
( 0.5  liter) . 

Synthesis  of  dioxane -soluble  vinyl  ethers  of  cellulose.  13.8  g  alkaline  (potash)  cellulose  (from  5  g  of 
cellulose),  21.8  g  acetylene  ( 32.7  mole  per  molar  cellulose  unit)  and  200  ml  dioxane  were  taken  for  the  reac¬ 
tion.  The  acetylene  was  introduced  from  a  cylinder  at  room  temperature  with  stirring  (under  a  pressure  of  15- 
17  atm.)  until  no  more  of  it  dissolved  In  the  dioxane.  Heating  was  carried  out  for  2.5  hours  at  130-140*  and  for 
2.5  hours  at  140-150*.  The  maximum  pressure  in  the  autoclave  was  52  atm.  The  reaction  mixture  was  a  dark- 
brown  almost  transparent  liquid  which  was  separated  by  filtration  from  the  residue  of  resinified  alkali  and  the 
dioxane  was  then  driven  off  in  vacuum  (30-40  mm)  until  formation  of  a  saturated  solution.*  The  latter  was 

•  When  precipitation  with  water  was  carried  out  from  dilute  dioxane  solutions,  the  vinyl  ethers  came  down  in  a 
finely  dispersed  state,  which  greatly  hindered  their  subsequent  purification. 
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poured  Into  a  5 -fold  volume  of  water  for  precipitation.  The  flakes  of  vinyl  cellulose  ethers  which  came  down 
were  filtered  off  through  a  glass  filter,  dried  in  air  and  extracted  with  ethyl  ether  in  a  Soxhlet  apparatus  for  cold 
extraction  for  3  hours  (  until  the  ether  that  ran  down  was  colorless) .  After  drying  in  vacuum  at  60*,  weight  3.8  g. 

Found  ^o:  C  56.27,  56.20;  H  6.57,  6.74;  calculated  x  2.14. 

Found  ( on  hydrolysis)  acetaldehyde  ( in  g)  per  100  g  of  substance  42.6,  42.8.  Calculated  0'rom  data  of  hy¬ 
drolysis) C  56.4,  56.5;  H  6.59,  6.60,  x  2.1.'  Yield  60fo  on  cellulose  taken. 

After  separation  of  the  precipitated  vinyl  ethers,  addition  of  5  g  of  sodium  chloride  salted  out  the  soluble 
vinyl  cellulose  ethers  from  aqueous -dioxane  solution.  Weight  0.75  g  after  washing  with  water,  ethyl  ether  and 
drying. 

On  hydrolysis,  found  acetaldehyde  (in  g)  per  100  g  substance  29.6,  29.4;  calculated  x  1.44;  yield  12%  on 
cellulose  taken. 

The  total  yield  of  vinyl  ethers  was  72%.  After  removal  of  ether  from  extract  obtained  by  treatment  of 
the  vinyl  ethers  in  the  Soxhlet  apparatus,  a  dark-colored  friable  resinous  product  was  obtained  with  an  unpleasant 
phenolic  odor  (  0.86  g,  or  17.2%  of  weight  of  cellulose  taken). 

Found  %:  C  74.15,  74.03;  H  7.86,  7.78. 

Synthesis  of  dioxane -insoluble  vinyl  ethers  of  cellulose,  a)  Heating  of  15  g  alkaline  cellulose  ( starting 
from  5  g  of  cellulose)  and  21.8  g  acetylene  (31.2  moles  per  molar  cellulose  unit)  in  200  ml  dioxane  for  3  hours 
( 1.5  hour  at  130-140*  and  1.5  hours  at  140-150*)  yielded  a  dark-brown  liquid  with  a  considerable  amount  of  in¬ 
soluble  gelatinous  precipitate.  By  the  previously  described  method,  1.40  g  dioxane -soluble  ethers  was  isolated. 

Found  %:  C  56.41,  56.29;  H  6.56,  6.50;  calculated  x  2.10. 

Found  (after  hydrolysis)  acetaldehyde  per  100  g  substance  42.58;  calculated  x  2.10;  yield  23.0%. 

Salting  out  of  the  aqueous  dioxane  yielded  0.69  g  ethers. 

Found  acetaldehyde  (in  g)  per  100  g  substance  29.5,  29.6;  calculated  x  1.40;  yield  12%. 

The  dioxane -insoluble  residue  of  vinyl  cellulose  ethers  was  washed  with  water  until  neutral  reaction,  dried 
in  air,  washed  with  ethyl  ether  and  dried  in  vacuum.  Weight  1.5  g. 

Found  acetaldehyde  (in  g)  per  100  g  substance  33.57,  33.3;  calculated  x  1.60;  yield  45%. 

The  total  yield  of  vinyl  cellulose  ethers  was  70%.  The  quantity  of  ether-soluble  resin  was  0.5  g  ( 10%  of 
weight  of  cellulose) . 

b)  Heating  of  15  g  alkali  cellulose  with  21.8  g  acetylene  in  200  ml  dioxane  for  5  hours  to  110-130*  yielded 
0.5  g  dioxane -soluble  vinyl  ethers  and  3  g  dioxane-insoluble  ethers  which  were  purified  by  reprecipitation 
from  pyridine. 

Found  %:  0  56.35,56.32;  H  6.69,  6.69;  calculated  x  2.10. 

Found  acetaldehyde  (in  g)  per  100  g  of  substance  42.1,  41.2;  calculated  x  2.00;  yield  44.2%. 

Hydrolysis  of  vinyl  ethers  of  cellulose  in  order  to  determine  degree  of  etherification.  A  weighed  sample 
of  ether  ( 0.15-0.3  g)  was  placed  in  a  sealed  ampul  with  10  ml  of  1  N  hydrochloric  acid  and  shaken  on  a  mech¬ 
anical  shaker  for  12  hours  (for  experiments  with  heating,  the  ampul  was  placed  in  a  water  jacket  at  the  re¬ 
quired  temperature) .  The  ampuls  were  cooled  with  ice  water,  opened,  and  the  contents  together  with  the 
water -insoluble  residue  was  transferred  to  100 -ml  volumetric  flasks.  After  the  solution  had  cleared,  acetalde¬ 
hyde  was  titrated  by  the  hydroxylamine  method  (Table  3).  The  water -insoluble  residue  from  a  number  of  hy¬ 
drolysis  experiments  was  washed  with  water  and  dried  to  constant  weight.  It  was  a  greatly  decomposed  cellulose. 

Found  %:  C  45.83,  45.79;  H  6.58,  6.36.  (C6Hio05)n.  Calculated  %:  C  44.44;  H  6.21. 

The  residue  was  soluble  in  cuprammonium  solution,  alcc^ols,  acetone  and  dioxane;  it  was  slightly  soluble 
in  ethyl  and  dlbutyl  ethers;  insoluble  in  carbon  tetrachloride.  The  degree  of  polymerization,  determined  in 
0.1%  cuprammonium  solution,  was  40-50. 

Reaction  of  acetylene  with  KOH  in  dioxane  medium.  2.5  g  KOH  and  19.5  g  acetylene  in  a  medium  of 
200  ml  dioxane  were  heated  in  a  0.5-liter  autoclave  for  5  hours  (2.5  hours  at  130-140®  and  2.5  hours  at  140-150*). 
The  reaction  mixture  was  a  dark -brown  liquid.  It  was  separated  from  the  precipitate  of  caustic  potash  and 
steamed  down  In  vacuum.  The  resulting  dry  precipitate  was  extracted  with  ethyl  ether.  After  removal  of  ethyl 
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ether,  from  the  extract  was  obtained  1.75  g  brown  friable  resin  with  a  strong  phenolic  odor. 

Found  C  76.73;  H  8.10. 

SUMMARY 

1.  It  was  shown  that  vinyl  ethers  based  on  cellulose  can  be  synthesized  by  reacting  alkali  ( potassium) 
cellulose  with  acetylene  in  dioxane  medium.  Vinyl  ethers  of  highly  destroyed  cellulose,  showing  an  etherifica¬ 
tion  of  1.3 -2. 3,  were  obtained  in  an  overall  yield  of  65-80*7o. 

2.  To  determine  the  degree  of  etherification  shown  by  the  vinyl  ethers  obtained  from  cellulose  as  a  base, 
a  method  was  developed  for  their  quantitative  hydrolysis  in  acid  medium. 
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TRANSFORMATION  AND  SYNTHESIS  OF  CARBOHYDRATES 


XIV.  STERIC  HINDRANCE  IN  THE  AZO-COUPLING  OF  ARYLGLUCAMINES 
V.M.  Berezovsky  and  E.P,  Rodionova 


Earlier  we  had  shown  [1]  that  the  stereoisomeric  3,4-dimethyIphenylglucamines  show  a  dual  reactivity  in 
azo-coupling,  bound  with  the  stereoisomerism  shown  by  the  pentitol  substituent  on  the  amino  group.  Arylglu- 
camines  with  one  unsubstituted  position  meta  to  the  secondary  amino  group  ( the  second  meta  position  was  oc¬ 
cupied  by  a  methyl  group)  were  studied. 

It  seemed  of  interest  to  study  in  the  azo-coupling  reaction  the  behavior  of  those  arylglucamines  in  which 
both  of  the  meta  positions  of  the  aromatic  nucleus  are  substituted  by  methyl  groups.  For  3,4,5-trimethylphenyl- 
glucamines  both  of  the  ortho  positions  are  equivalent.  The  reactivity  shown  by  these  compounds  for  azo-coup¬ 
ling  in  the  ortho  position  is  found  to  depend  on  the  orienting  influence  shown  by  the  substituents:  ortho  orient¬ 
ation  by  the  secondary  amino  group,  augmented  para' orientation  by  the  methyl  group  in  position  3,  and  ortho 
orientation  by  the  methyl  group  in  position  5.  As  a  result,  the  electron  density  in  the  ortho  position  to  the  sec¬ 
ondary  amino  group,  and  consequently,  the  reactivity  for  azo-coupling  shown  by  compounds  with  three  methyl 
groups  should  be  greater  than  for  the  3,4-dimethylphenylglucamines,  which  fail  to  show  supplementary  displace¬ 
ment  of  the  electrons  bound  with  the  methyl  group  in  position  5(A). 

Actually,  the  reverse  phenomenon  is  observed  —  the  reactivity  drops;  the  rate  of  the 
azo-coupling  reaction  reduces  to  such  a  degree  that  at  pH  4  the  formation,  not  of  trimeth- 
ylazoglucamines,  but  only  of  diazoimino  compounds  of  trimethylphenylglucamines,  is  ob¬ 
served  for  all  of  the  stereoisomeric  ttimethylphenylglucamines.  Only  at  pH  below  3  are 
azo  dyes  formed,  and  then  only  in  insignificant  yield  (  see  table). 

We  attribute  the  reduced  reactivity  shown  by  trimethylphenylglucamines  for  azo¬ 
coupling  to  the  presence  of  steric  hindrance  factors,  produced  by  the  ortho  position  of  the 
methyl  group  with  respect  to  the  entering  azo  group.  In  association  with  the  strong  reduc¬ 
tion  in  reactivity  shown  by  glucamines  due  to  steric  obstacles,  evoked  by  the  methyl  group, 
erted  by  the  cis,  trans  hydroxyl  groups  in  the  2’  and  3’  positions  of  the  pentitol  chain  on  the 
group  [1]  becomes  hardly  perceptible  on  the  character  of  azo-coupling. 

The  absorption  spectra  for  3,4-dimethylphenyl-6-phenylazo-d-ribamine  and  other  stereoisomeric  azoglu- 
camines  show  the  absorption  maxima:  X  max.  325  and  471  m/i  [1];  the  absorption  spectra  for  3,4, 5 -trimethyl - 
phenyl -6 -phenylazo-d-ribamine  (IX)  and  other  stereoisomeric  azoglucamines  (  X,  XI,  XII)  are  characterized 
by  the  absorption:  X  max.  333  and  476  mji..  The  shifting  of  the  absorption  maximum  by  12  mp  in  the  ultra¬ 
violet  region  and  by  5  m/i  in  the  visible  region  is  associated  with  the  emergence  of  substituents  from  a  planar 
position  [2].  As  a  result,  the  trimethylphenylazoglucamine  molecule  that  is  formed  here  fails  to  be  a  coplanar 
molecule. 

To  synthesize  3,4,5-trimethylphenyl-6-phenylazo-d-ribamine  (IX)  we  started  from  3,4,5-trimethylamino- 
benzene  and  d-ribose,  which  showed  condensation  to  N-d-ribofuranoside  (I) ;  this  substance  was  reduced  to  the 
glucamine  ( V)  ,from  which  the  azo  dye  ( IX)  was  obtained  [2].  The  other  stereoisomeric  azo  dyes  were  obtained 
in  similar  manner. 

Stereoisomeric  N-glucosides  were  obtained  from  d-ribose.  d-arabinose.  d-xvlose  and  d-lyxose  with  3,4,5- 
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-trlmetliylaminobenzene  in  anhydrous  alcohol  medium  under  heating.  The  N -glucofuranosides  obtained  in 
this  manner  show  mntarotatiou;  tlie  specific  rotation  shown  by  pyridine  solutions  of  the  glucosides  becomes 
ccmstant  after  48  hours.  The  N-d -glucofuranosides  were  obtained  in  the  following  anameric  forms:  3,4,5-tri- 
methylaminobenzene-N-fl-d-ribofuranoside  ( I)  i  3,4,5-triinethylaminobenzene-N-a-d-arabinofuranoside  ( II) ; 
3,4,5-trimethyIaininobenzeue  -N  - B  -d -xylofuranoside  ( III)  and  3 ,4, 5  -trimethylaminobenzene  -N  - 6  -d -1  vxofura - 
noside  (IV).  It  should  be  mentii>ned  that  the  formation  of  N -glucosides  is  associated  with  the  anameric  con¬ 
figuration  for  6 -d-arabinose  and  a-d-xylose  being  turned  in  opposite  directions. 
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The  N -glucofuranosides  ( I,  II.  Ill  and  IV)  were  converted  into  stereoisomeric  trimethylphenylglucamines 
(V,  VI,  VII  and  VIII)  by  catalytic  hydrogenation  with  skeletal  nickel  catalyst.  The  compounds  obtained  in  this 
manner  were  subjected  to  azo-coupling  with  phenyldiazonium  salts  at  different  pH  values,  in  which  connection 
the  stereoisomeric  azo  dyes  ( IX.  X.  XI  and  XII)  were  formed  at  a  pH  of  2,8-3.  while  the  diazoimino  compounds 
of  the  stereoisomeric  trimethylphenylglucamines  (  XIII.  XIV.  XV  and  XVI)  were  formed  at  a  pH  of  4,  The  yields 
of  the  azo  dyes  and  of  the  diazoimino  compounds  .  and  also  dieir  melting  points,  are  summarized  in  the  table. 

TABLE 

Azo  Compounds  and  Diazoimino  Compounds  of  Stereoisomeric  Glucamines 


Sub-  ' 

Substiiuents 

1  Melting 
point 

Yield  ( in  <^o)  at  pH 

stance 

R 

R’ 

!  R* 

2.8-3. 0 

4,0 

IX 

Phenylazo- 

d-Ribityl- 

H 

195-196’ 

40.3 

- 

X 

* 

d-Arabityl- 

H 

214.5-215 

54.7 

- 

XI 

" 

d-Xylityl- 

H 

175-176 

83.5 

- 

xn 

d-Lyxityl- 

H 

124-126 

46.0 

Insignificant 

xm 

H 

d-Ribityl- 

Phenylazo- 

158.5* 

36.0*  • 

82,0 

XIV 

H 

d-Arabityl- 

ft 

160* 

34.5*  * 

99.3 

XV 

H 

d-Xylityl- 

" 

145* 

Small 

92.1 

XVI 

H 

d-Lyxityl- 

145* 

37.4*  * 

69.1 

»WIth  decomposition 

*  *  After  addition  of  sodium  acetate  to  mother  liquor. 
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The  structure  of  the  diazoitnino  compounds  of  the  3.4,5-trimethylphenylglucamlnes  was  determined  on 
the  basis  of  the  similarity  of  their  absorption  spectra  (  ^max,  absorption  spectra  of  the  diazo- 

imino  compounds  of  the  3,4-dimethylphenylglucamfnes  [1],  the  latter  failing  to  show  a  second  methyl  group 
in  the  meta  position  to  the  secondary  amino  group. 

EXPERIMENTAL 

I.  N-Glucofuranosides,  A  mixture  of  2  g  pentose,  1.8  g  3,4,5-trimethylaminobenzene  and  30  ml  anhy¬ 
drous  alcohol  was  heated  on  a  water  bath  under  reflux  with  shaking  until  solution  was  complete  (30-40  minutes). 
Crystallization  of  the  N-glucoside  occurred  at  this  point  or  after  cooling  or  after  driving  off  part  of  the  solvent. 

5.4.5- Trimethylaminobenzene-N-fl-d-ribofuranoside  (I)  from  d-ribose.  Yield  2.28  g  ( 64*70)  of  substance 
with  m.p.  115-116*  ( with  decomp.).  After  recrystallization  from  absolute  alcdiol  the  product  was  in  the  form 
of  colorless  needles  with  m.p.  120-121.5",  [a]D  +164.2®  —  +  76.8®  ( 2.5*70  In  pyridine) . 

Found  *7j:  N  4.95,  Ci4Hji04N.  Calculated  %  N  5.24. 

3.4.5- Trimethylaminobenzene-N-a-d-arabinofutanoside  (II)  from  d-arabinose.  Yield  2.33  g  (  65.5°!o)  of 

substance  with  m.p.  118-119®  ( with  decomp.)  in  the  form  of  colorless  needles  ( from  anhydrous  alcohol) ;  [o]d 
+75.8®  +  6.3®  (  5*7o  In  pyridine) . 

Found  *7o:  N  5.22.  Calculated  *7o:  N  5.24. 

3.4.5- Trimethylaminobenzene-N-fl-d-xylofuranoside  (III)  from  d-xylose.  Yield  1.65  g  (46.5%)  of  sub¬ 
stance  with  m.p.  118-120®  ( with  decomp.)  in  the  form  of  colorless  needles  ( from  alcohol) ;  [a;^  -12.6®  -*  -2.6® 
( 5*70  in  pyridine) . 

Found  *7o;  N  5.28.  C14H21O4N.  Calculated  *7o:  N  5.24. 

3.4.5- Trimethylaminobenzene-N-fl-d-lyxofuranoside  (IV)  from  d-lyxose.  Yield  2.6  g  (  73*7o)  of  substance 
with  m.p.  126.5-127®  (  with  decomp.)  in  the  form  of  colorless  needles  (from  alcohol);  [ajp  -117.3®  -*  -45.4® 

( 5*7o  in  pyridine) . 

Found  %:  N  5.41.  C14H21O4N.  Calculated  *7o:  N  5.24. 

II.  Glucamines.  The  above -contained  N-glucofuranosides  were  subjected  to  hydrolysis  with  a  nickel  cat¬ 
alyst  at  40-50  atm.  and  65-75®  for  2-2.5  hours  in  a  rotating  autoclave.  After  the  catalyst  was  separated  off,  the 
colorless  solution  was  steamed  down  in  vacuum  to  low  bulk  and  set  aside  for  crystallization.  The  precipitate 
that  was  obtained  was  recrystallized  from  alcohol. 

3.4.5- Trimethylphenyl-d-ribamine  (V)  from  N-ribofuranoside  (I).  From  1.63  g  (I)  was  obtained  0.95  g 

(  58*7o)  methylribamine  ( V)  in  the  form  of  lustrous  colorless  flakes  with  m.p.  120®;  [fl]^  -26.3*  (  5*7o  in  pyridine) . 

Found  <7o:  N  5.42.  C14H23O4N.  Calculated  *7o:  N.  5.20. 

3.4.5- Trimethylphenyl-d-arabinamine  (VI)  from  d-arabinose.  After  condensation  of  arabinose  with  3,4,5- 

-trimethylaminobenzene,  hydrogenation  of  the  resulting  solution  yielded  the  N-glucoside  which  did  not  precip¬ 
itate  out.  From  2  g  arabinose  was  obtained  2.08  g  ( 58*7o)  methylarabinamine  (VI)  with  m.p.  160.5-161.7®  (from 
alcohol)  in  the  form  of  colorless  elongated  prisms;  [a]^  +6.6®  (  5*7o  in  pyridine) ;  [  +  37.9®  ( 5*7o  in  2  N  HCl) . 

The  substance  gave  no  melting  point  depression  with  the  substance  prepared  by  reduction  of  N-arabinofurano- 
side  ( II) . 

Found  *7o:  N  5.27.  C14H23O4N.  Calculated  *7o:  N  5.20. 

3.4.5 - Trimethylphenyl-d-xylamine  (VII)  from  N -xylofuranoside  (III).  From  1.65  g  ( III)  was  obtained 

1.35  g  (  82%)  methylxyl amine  ( VII)  in  the  form  of  colorless  fine  needles  with  m.p.  160-161®;  [a^  -14.0®  (  5% 
in  pyridine );  [  -35.9®  ( 5%  in  2  N  HCl) . 

Found  %;  N  4.85.  C14H23O4N.  Calculated  %:  N  5:20. 

3.4.5- Trimethylphenyl-d-lyxamine  (VIII)  from  N-lyxofuranoside  (IV).  From  1.52  g  ( IV)  was  obtained 

1.14  g  (  76%)  methyllyx amine  (VIII)  in  the  form  of  colorless  fine  needles  with  m.p.  188-189.5®;  +22.1® 

(5%  in  pyridine) ;  [  tfg  435.4®  ( 2.5%  in  2  N  HCl) . 

Found  %:  N  5.40.  C14H23O4N.  Calculated  %:  N  5.20. 
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III.  Phenylazo  dyes  and  diazoimlno  compounds  of  stereoisomerlc  glucamines.  Carrying  out  of  coupling 
reactions  of  methylglucamines  with  phenyldiazonium  sulfate.  A  solution  of  1  g  methylglucamine  in  100  ml 
water  at  65-80®  and  0.5  ml  hydrochloric  acid  was  cooled  to  20-25®  and  with  stirring  was  run  into  a  solution  of 
the  diazonium  salt  prepared  from  0.46  g  aniline,  0.66  g  sulfuric  acid  and  0.34  g  sodium  nitrite  .  The  azo  coup¬ 
ling  was  carried  out  at  a  different  pH,  which  was  maintained  by  careful  addition  of  a  15%  sodium  acetate  solu¬ 
tion  during  the  entire  course  of  the  reaction.  After  2  hours,  the  precipitate  was  filtered  off  and  washed  with 
water  and  dried. 

Coupling  of  phenyldiazonium  salt  with  3,4,5-trimethylphenyl-d-ribamine  ( V).  0,56  g  (40.3%)  azo  dye 
with  m.p.  181-183®  was  obtained  at  pH  2.8-3.  After  re  crystallization  from  alcohol,  the  3,4,5-trimethylphenyl- 
-6-phenylazo-l-d-ribamine  (IX)  was  obtained  in  the  form  of  orange-red  needles  with  m.p.  195-196®.  The  ab¬ 
sorption  spectrum  in  ultra-violet  and  visible  light:  ^max.  246,337,476  m/i(  in'alcohol) , 

Found  %:  N  10.96.  Cj#H2704N3.  Calculated  %:  N  11.25, 

After  addition  of  sodium  acetate,  from  the  mother  liquor  was  obtained  0.5  g  (36%)  diazoimino  compound 
of  methylribamine  (XIII)  in  the  form  of  light-orange  needles  with  m.p.  158.5®  (with  decomp,  from  alcohol). 

Found  %:  N  11.10.  C20H27O4N3.  Calculated  %:  N  11.25. 

Coupling  was  at  pH  4:  yield  1.14  g  (  82%)  diazoimino  compound  of  methylribamine  ( XIII)  with  m.p. 
158.5*  ( with  decomp,  from  alcohol) . 

Coupling  of  phenyldiazonium  salt  with  3,4,5-trimethylphenyl-d-arabinamlne  (VI).  At  pH  1.8  was  ob¬ 
tained  1.05  g  ( 75.5%)  of  azo  dye  with  m.p.  210°.  After  recrystallization  from  alcohol,  3,4,5-trimethylphenyl- 
-6-phenylazo-l-d-arabinamine  ( X)  was  obtained  in  the  form  of  orange-red  needles  with  m.p.  214.5-215*. 

Found  %:  N  11.71.  C20H27O4N3.  Calculated  %:  N  11.25. 

Coupling  was  at  pH  2.8-3;  yield  0.76  g  (  54.7%)  of  azo  dye;  recrystallization  from  alcohol  yielded  3,4,5- 
-trimethylphenyl-6-phenylazo-l-d-arabinamine  (X)  with  m.p.  214.5-215°. 

After  azo-coupling  and  separation  of  the  dye,  from  the  mother  liquor,  on  addition  of  sodium  acetate  solu¬ 
tion,  was  obtained  0.48  g  (34,5%)  of  the  diazoimino  compound  of  methylarabinamine  ( XIV)  in  the  form  of 
orange-red  needles  with  m.p.  160*  ( with  decomp,  from  alcohol). 

Found  %:  N  11.87.  C20H27O4N3.  Calculated  %:  N  11.25. 

Coupling  was  at  pH  4;  yield  1.38  g  ( 99.3%)  of  diazoimino  compound  of  methylarabinamine  ( XIV)  with 
m.p.  160°  ( with  decomp.) . 

Coupling  of  phenyldiazonium  salt  with  3.4.5-trimethylphenyl-d-xylamine  (VII).  At  pH  2.8-3  was  ob¬ 
tained  0.82  g  (59%)  of  azo  dye;  after  recrystallization  from  alcohol,  3,4,5-trimethylphenyl-6-phenylazo-l"d- 
-xylamine  (XI)  was  obtained  in  the  form  of  orange-red  needles  with  m.p.  175-176®. 

Found  %;  N  11.22.  C20H27O4N3.  Calculated  %:  N  11,25. 

After  addition  of  sodium  acetate,  from  the  mother  liquor  was  obtained  0.56  g  (40,3%)  of  substance  with 
m.p.  163-166°.  After  recrystallization  from  alcohol,  an  additiMial  0.34  g  (24.5%)  of  azo  dye  (  XI)  was  obtained 
with  m.p.  175-176°. 

Coupling  was  at  pH  4;  yield  1.28  g  ( 92.1%)  of  diazoimino  compound  of  methylxylamine  ( XV)  in  the 
form  of  orange -red  needles  with  m.p.  145*  (with  decomp,  from  alcohol). 

Found  %:  N  11.66.  C20H27O4N3.  Calculated  %;  N  11.25. 

Coupling  of  phenyldiazonium  salt  with  3,4,5-trimethylphenyl-d-lyxamine  (VIII).  0.64  g  ( 46%)  of  azo 
dye  with  m.p.  115-124°  was  obtained  at  pH  2.8-3;  after  recrystallization  from  50%  alcohol,  3,4,5-trimethyl- 
phenyl-6-phenylazo-l-d-lyxamlne  (XII)  was  obtained  in  the  form  of  orange-red  crystals  with  m.p.  124-126®. 

Found  %:  N  10.81.  C20H27O4N3.  Calculated  %;  N  11.25, 

Addition  of  sodium  acetate  yielded  0.52  g  (37.4%)  diazoimino  compound  of  methyllyxamine  (XVI)  from 
the  mother  liquor  in  the  form  of  yellow  needles  with  m.p.  145°  (  with  decomp,  from  50%  alcohol) . 

Found  %:  N  11.49.  C20H27O4N3.  Calculated  %:  N  11,25. 


Coupling  was  at  pH  4;  yield  0.96  g  (69.1%)  diazoimino  compound  of  methyllyxamine  (XVI)  with  m.p. 
66-75® (with  decomp.),  which  was  in  mixture  with  the  azo  dye. 
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SUMMARY 


It  was  shown  that  stereoisomeric  3,4,5-trimethylphenylglucamines,  for  which  both  of  the  positions  meta 
to  the  secondary  amino  group  are  substituted  by  methyl  groups,  suffer  steric  difficulties  when  subjected  to  azo 
coupling.  At  pH  2.8-3  azo  dyes  are  formed  in  insufficient  yield,  while  at  pH  4  diazoirnino  compounds  are 
formed.  The  absorption  spectrum  for  our  obtained  sterically  hindered  azo  dyes  is  shifted  toward  the  long -wave 
region. 
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The  lactone  ring  of  the  unsaturated  6-lactones  proved  to  be  resistant  to  the  action  of  diazomethane,  the 
same  as  is  true  for  the  unsaturated  y  -lactones  [5], 

The  catalytic  hydrogenation  of  A®’^-hexahydrocoumarin  ( I)  and  6-methyl-3,4-dfhydro-a-pyrone  ( II) 
was  run  in  the  cold  over  platinum  in  alcohol  solution.  Two  moles  of  hydrogen  were  absorbed  per  mole  of  lac¬ 
tone,  which  led  to  the  formation  of  saturated  acids  (  0-cyclohexylpropionic  and  caproic  acids,  respectively), 
which  were  characterized  by  their  crystalline  phenylhydrazides; 


2H.  /N-CHaCHzCOOH, 

Pt  *  I  1 

\/ 

(11).^  CH3CH2CH2CH2CH2COOH. 


As  a  result,  the  6  ketono  acids  obtained  by  us  can  be  reduced  to  the  corresponding  saturated  acids  by  a 
two-stage  process  —  lactonizaticHi  and  subsequent  hydrogenation  in  the  cold  of  the  unsaturated  6-lactones  in  the 
presence  of  platinum.  If  the  hydrogenation  of  the  unsaturated  6-lactones  is  run  in  a  flow  system,  at  200",  over 
nickel  on  aluminum  oxide,  then  reaction  takes  place  without  rupture  of  the  lactone  ring  and  leads  to  the  form¬ 
at!  cxi  of  a  saturated  lactone;  thus,  from  6 -methyl -3,4-dihydro-a-pyrone  (II)  under  these  conditions  we  obtained 
6-methyltetrahydro-a-pytone  (similar  to  the  case  described  by  us  earlier  [2]  for  5,6 -dimethyl -3 ,4-dihydro- a- 
-pyrone) : 
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EXPERIMENTAL 

Monocyanoethylated  cyclohexanone  r2-(  fl -cyanoethyl)  -cyclohexanone]  was  prepared  by  addition  of  ac¬ 
rylonitrile  ( 1  mole)  to  cyclcAiexanone  ( 5  moles)  with  stirring  at  such  a  rate  so  that  the  temperature  did  not 
rise  above  40*;  40‘7o  caustic  soda  solution  in  methyl  alcohol  ( 2  ml)  was  used  as  the  catalyst.  The  obtained 
nitrile  ( yield  47%)  had  ccHistants; 

B.p.  146-147*  (6  mm),  df  1.0215,  ng  1.4697,  MRp  41.23;  calc.  41.19. 

Found  %:  N  9.68,  9.63.  C9H13ON.  Calculated  %:  N  9.27. 

Literature  data:  b.p.  147-150*  (  14  mm)  [6];  b.p.  138-142"  ( 10  mm)  [7];  b.p.  129-133*  (  8  mm) ;  n^ 
1.4745,  df  1.0181  [8]. 
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2-g-Carboxyethylcyclohexanone  ( 2 -cyclohexanone -fl-{M:opionic  acid),  A  mixture  of  24.5  g  nitrile.  40 
ml  concentrated  hydrochloric  acid  and  20  ml  water  was  boiled  for  2  hours.  After  cooling,  the  solution  was  ex¬ 
tracted  with  ether,  the  ethereal  solution  was  dried  with  calcium  chloride;  after  driving  off  the  ether,  the  residue 
was  vacuum -distilled.  The  obtained  acid  (yield  24  g,  SS.S^o)  had  constants; 

B.p.  180-181*  ( 10  mm) ;  m.p.  60-61*  (from  gasoline),  semicarbazone,  m.p.  184*  ( with  decomposition, 
from  aqueous  alcohol) . 

Literature  data;  m.p.  55*  [9];  m.p.  62*,  semicarbazone,  m.p.  194*  ( with  decomp.)  [10]. 

A^*^-Hexahydrocoumarin  (I).*  10  g  cyclohexanone  propionic  acid  and  18  g  acetic  anhydride  were  heat¬ 
ed  for  4  hours,  after  which  the  acetic  anhydride  was  driven  off.  The  obtained  A*’®-hexahydrocoumarin  (yield 
7.1  g,  83*70)  had  constants; 

B.p.  117-118*  at  5  mm,  nJJ  1.5050,  df  1.1166,  MR^,  40.42;  calc.  40.54. 

Found  7o:  C  70.64,  70.73;  H  8.05,  8.02.  CjHijO,.  Calculated  %  C  71.05;  H  7.89. 

Hexahydrocoumarin  with  the  same  constants  was  prepared  from  cyclohexanonepropionic  acid  by  mixing 
it  with  acetyl  chloride  and  subsequent  vacuum -distillation. 

Literature  data;  b.p.  141-142*  ( 15  mm)  [11]. 

Hydrolysis  of  hexahydrocoumarin.  Under  the  influence  of  atmospheric  moisture,  the  lactone  partially  hy¬ 
drolyzed,  converting  to  the  initial  ketono  acid.  When  the  lactone  was  heated  with  10*70  caustic  soda  solution 
for  30  minutes,  cyclohexanone -2-0 -propionic  acid  formed  in  quantitative  yield;  m.p.  59 -60* (from  gasoline). 

Alcoholysis  of  hexahydrocoumarin.  A  solution  of  5  g  lactone  in  50  ml  anhydrous  alcohol  was  saturated 
with  hydrogen  chloride;  the  reaction  mixture  was  poured  in  water  and  extracted  with  ether.  The  ethyl  ester  of 
cyclohexanonepropionic  acid  ( 2-0 -carbethoxyethylcyclohexanone)  had  the  following  constants: 

B.p.  134-135*  (7 mm),  ng  1.4626,  df  1.0350,  MRd  52.45;  calc.  52.45.  According  to  [10]:  b.p.  140-143* 

( 12  mm) . 

The  semicarbazone  of  the  ester  (not  described  previously)  had  m.p.  105-106*  (from  aqueous  alcohol). 

Found  *7o:  N  16.55,  16.33.  CijHjiOaNa.  Calculated  <7o:  N  16.47. 

The  ethyl  ester  of  cyclohexanone -2 -0-propionic  acid,  prepared  from  the  same  acid,  had  the  same  constants, 
A  mixed  sample  of  semicarbazones  melted  without  depression. 

Ammonolysis  of  hexahydrocoumarin.  When  hexahydrocoumarin  was  shaken  with  aqueous  ammonium  solu¬ 
tion,  there  immediately  came  down  a  white  precipitate  of  the  amide  of  cyclohexanonepropionic  acid,  which 
after  recrystallization  from  water,  had  m.p.  163-164*  ( with  decomp.).  According  to  [10];  m.p.  162-163*. 

Catalytic  hydrogenation  of  hexahydrocoumarin .( 12  g,  0.08  mole)  was  carried  out  in  the  cold  over  plat¬ 
inum  (from  PtOj)  in  anhydrous  alcohol  solution;  in  the  course  of  3  hours  3.6  liters  of  hydrogen  ( 0.16  mole)  was 
absorbed.  The  obtained  0 -cyclohexylpropionic  acid  had  constants: 

13.p.  112-113*  (4  mm),  nf^  1.4654,  d|®  1.0104,  42.76;  calc.  42.59. 

Literature  data:  b.p.  143.5*  ( 11  mm),  n^  1.4634,  d*®  1.0064  [12];  b.p.  112-114*  (4  mm),  tip  1.4596, 
df  1.0178  [13]. 

The  amide  of  0 -cyclohexylpropionic  acid  had  m.p.  119-120*,  the  phenylhydrazide  had  m.p.  155-156* 

(  from  aqueous  alcohol)  ( not  described  in  literature) . 

Found  7 :  N  11.54,  11.74.  CisH^ON,.  Calculated  *7o:  N  11.37. 

Two  parallel  hydrogenation  experiments  were  carried  out  under  the  same  conditions  for  hexahydrocoumarin 
in  order  to  subsequently  determine  the  content  of  acid  in  the  catalyzate;  titration  of  the  hydrogenation  products 
with  an  alcoholic  solution  of  alkali  showed  the  acid  content  in  them  to  be  93.5  and  93.8*7o. 

Monocyanoethylated  acetoacetic  ester.  In  a  flask  fitted  with  stirrer,  reflux  condenser,  thermometer  and 
dropping  funnel,  was  placed  100  ml  95*7o  ethyl  alcohol,  0.5  g  sodium,  130  g  ( 1  mole)  acetoacetic  ester  and 
with  rapid  stirring,  42.2  g  ( 0.8  mole)  acrylonitrile  was  added  at  such  a  rate  that  the  temperature  did  not  exceed 
40*.  The  alcohol  was  then  driven  off  and  to  the  residue,  neutralized  with  acetic  acid,  ether  was  added;  from 
the  ethereal  solution  (washed  with  water  and  dried  with  calcium  chloride)  the  ether  was  driven  off.  Vacuum - 
distillation  of  the  reaction  product  yielded  46  g  acetoacetic  ester  (up  to  90*  at  20  mm)  and  47  g  (47*7o)  mono- 

•  Briefly  described  previously  in  Communication  HI. 
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cyanoethylated  acetoacetic  ester  with  b.p,  165-170*  at  20  mm;  the  residue  ( 25  g)  was  dicyanoethylated  ester 
with  m.p.  82-83“ (from  alcohol).  Monocyanoethylated  acetoacetic  ester  had  the  following  constants: 

B.p.  155-156*  (  10  mm),  ng  1.4480.  d?  1.0690,  KlRp  45.87;  calc.  45.24. 

Literature  data;  b.p.  126-127*  (3  mm)  [6];  b.p.  143-144*  (3  mm).  159-161*  (11  mm),  nf^  1.4489,  df 
1.0682  [14]. 

y -Acetylbutyric  acid.  30  g  monocyanoethylated  acetoacetic  ester,  17  ml  water,  17  ml  concentrated  sul¬ 
furic  acid,  and  50  ml  acetic  acid  were  boiled  until  evolution  of  carbon  dioxide  ceased  (5-7  hours).  The  reaction 
mixture  was  diluted  with  an  equal  volume  of  water  and  extracted  with  ether  in  an  extractor  in  the  course  of  10 
hours.  Yield  12  g  ( 57%) . 

B.p.  152-154*  ( 10  mm).  nf5  1.4462,  d*®  1.1100,  MRd  31,54;  calc.  31.45.  Semicarbazone,  m.p.  173*  (from 
aqueous  alcohol). 

Literature  data;  b.p.  137-138*  (5  mm);  semicarbazone,  m.p.  173-174*  [6]. 

6-Methyl -3,4-dihydro-  a-pyrone  ( II) .  25  g  y-acetylbutyric  acid  was  heated  with  100  ml  acetic  anhydride 
for  4  hours.  Yi eld  12  g  ( 57%)  6 -methyl -3, 4 -dihydro -a-pyrone. 

B.p.  72-73*  ( 10  mm),  82-83*  ( 15  mm),  ng  1.4650,  d|®  1.0782,  MRd  28.74;  calc.  28.89. 

When  acetyl  chloride  was  used  as  the  dehydrating  agent,  the  yield  of  lactone  increased  to  67%. 

Literature  data;  b.p.  194-195*  [15],  71-72°  (  11  mm),  np  1.4690  [16]. 

Hydrolysis  of  6-methyl -3,4-dihydro-a-pytone  was  carried  out  by  heating  it  with  10%  caustic  soda  solution; 
the  y-acetylbutyric  acid  which  formed  in  quantitative  yield  was  identified  by  its  semicarbazone  (m.p.  173*). 

Alcoholysis  of  6-methyl -3, 4-dihydro-a-pyrone  was  carried  out  under  tlie  same  conditions  as  was  the  al¬ 
coholysis  of  hexahydrocoumarin.  The  obtained  ethyl  ester  of  y-acetylbutyric  acid  had  the  following  constants: 

B.p.  104-105*  ( 12  mm),  n^  1.4275,  d*®  0.9971.  MI^  40.79;  calc.  40.80.  According  to  [17];  b.p.  221- 

222*. 

The  semicarbazone  of  the  obtained  ester  had  m.p.  114-115*. 

Found  %:  N  19.85,  19.98.  CjHiyOsNj.  Calculated  %:  N  19.38. 

Ammonolysis  of  6-methyl -3, 4-dihydro- a-pyrone  yielded  the  amide  of  y-acetylbutyric  acid,  m.p.  112- 
113*  (  from  chloroform).  According  to  [18],  it  had  m.p.  114*. 

Hydrogenation  of  6 -methyl -3,4-dihydro- a-pyrone  ( 10  g,  0.089  mole)  over  platinum  ( from  PtOj)  was 
carried  out  in  the  cold  in  a  solution  of  anhydrous  ethyl  alcohol.  In  the  course  of  2  hours  2.5  liters  of  hydrogen 
was  absorbed,  corresponding  to  addition  of  2  moles  of  hydrogen  per  1  mole  of  lactone.  After  evaporation  (in 
vacuum)  of  the  alcohol,  distillation  in  vacuum  yielded  caproic  acid  (7.1  g,  69.7%)  with  b.p.  105-107° ( 15  mm), 
nD  1.4190;  its  phenylhydrazide  (not  described  previously)  had  m.p.  100°  (from  aqueous  alcohol). 

Found  %;  N  13.82,  13.92.  CnHijON*.  Calculated  %:  N  13.58. 

Literature  data;  b.p.  205*  (  746  mm)  [19],  n^  1.4188  [20]. 

Under  the  same  conditions  two  parallel  hydrolysis  experiments  were  carried  out  on  two  weighed  portions 
of  6 -methyl -3,4-dihydro- a-pyrone;  subsequent  titration  of  the  hydrogenation  products  with  caustic  soda  solution 
gave  the  following  acid  content  in  them:  93.19  and  91.81%. 

Hydrogenatix)n  of  6 -methyl -3, 4-dihydro- a-pyrone  ( 15  g)  over  nickel  on  aluminum  oxide  at  180-200° 
yielded  a  catalyzate,  which  after  being  v/ashed  with  water  and  soda,  dried  with  magnesium  sulfate  and  vacuum - 
distilled  (  7  g) ,  did  not  decolorize  a  solution  of  bromine  in  carbon  tetrachloride  and  had  no  acidic  properties. 
In  its  constants  and  analytical  data,  the  obtained  hydrogenation  product  corresponded  to  the  saturated  lactone  - 
6  -methyltetrahydro-  a  -pyrone: 

B.p.  114-116*  (23  mm),  ng  1.4425,  d$®  1.0162,  M%)  29.75;  calc.  29.36. 

Literature  data;  b.p.  101-102“  (11  mm),  m.p.  16-18°,  1.4460  [17]. 

SUMMARY 


1.  The  cyanoethylation  of  cyclohexanone,  hydrolysis  of  the  resulting  nitrile  to  2-6 -carboxyethylcyclohex 
anone  ( 2-cyclohexanone -6 -propionic  acid),  and  lactonization  of  the  latter  led  to  obtaining  (in  83% yield)  the 


unsaturated  6-lactone  -  A®’®°-hexahydrocoumarin. 

2.  From  monocyanoethylated  acetone  the  same  series  of  reactions  gave  still  another  unsaturated  6-lactone 
-  6 -methyl  -3,4-dihydto-a-pyrone. 

3.  The  structure  of  the  obtained  unsaturated  6  -lactones  was  shown  by  opening  their  lactone  ring  and  con¬ 
verting  them  into  the  original  ketono  acids,  their  esters,  or  their  amides. 

4.  The  hydrogenation  of  unsaturated  6  -lactones  in  the  cold  over  platinum  proceeds  with  the  absorption  of 
2  moles  of  hydrogen  and  leads  to  obtaining  the  corresponding  saturated  acids.  Lactonizatlon  of  6  -ketono  acids 
and  subsequent  hydrogenation  of  the  resulting  unsaturated  6 -lactones  over  platinum  (in  the  cold)  can  be  recom¬ 
mended  as  a  method  for  the  reduction  of  the  ketone  groups  found  in  the  6  -ketono  acids  obtained  by  us. 

5.  Hydrogenation  of  unsaturated  6  -lactones  over  nickel  on  aluminum  oxide,  at  180-200*,  leads  to  the 
formation  of  the  corresponding  saturated  6  -lactones. 

6.  Some  new  crystalline  derivatives  of  y-acetylbutyric,  cyclohexanonepropionlc,  6-cyclohexylpropionic 
and  caproic  acids  were  described. 
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STRUCTURE  OF  THE  TRIACETYL  DERIVATIVE  OF  4 , 5 -D I A  MIN  OURA  C IL 


V.I.  Khmelevsky  and  O.I.  Durnitsyna 


Uric  acid  under  prolonged  heating  in  acetic  anhydride  is  converted  into  8-methylxanthine.  This  reaction, 
extensively  used  for  the  commercial  preparation  of  8-methylxanthine,  proceeds  with  the  formation  of  a  number 
of  intermediate  compounds,  one  of  which  is  the  triacetyl  derivative  of  4,5-diaminouracil,  having  the  empirical 
formula  C10H12O5N4. 

The  tiiacetyl  derivative  of  4,5-diaminouracil  was  first  prepared  by  the  acetylation  of  4,5-di-(  acetylam- 
ino)  -uracil  ( VII)  with  acetic  anliydride,  and  also  by  heating  uric  acid  with  acetic  anhydride  in  the  presence  of 
pyridine  [1],  Biltz  and  Schmidt  [2]  isolated  the  indicated  triacetyl  derivative  when  they  heated  the  sodium 
salt  of  4,5-diaminouracil  with  acetic  anhydride.  They  ccmsidered  the  compound  to  be  the  diacetyl  derivative 
of  2,6-dioxo-8-hydroxy-8-methylhexahydropurine,  in  which  one  of  the  acetyl  groups  is  found  at  N®, 
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and  the  second  group  at  either  ( I)  or  at  ( II) .  Biltz  and  Schmidt  failed  to  attribute  any  special  significance 
to  the  triacetyl  derivative  of  4,5-diaminouracil  and  regarded  it  as  a  secondary  reaction  product. 


The  opinion  that  the  triacetyl  derivative  of  4,5-diaminouracil  is  an  intermediate  compound  in  the  synthe 
sis  of  8-methylxanthine  from  uric  acid  was  first  expressed  by  Strukov  and  Diskina  [3].  These  investigators  be¬ 
lieved  that  the  triacetyl  derivative  of  4,5-diaminouracil  ( IV)  is  formed  in  the  process  of  transforming  uric  acid 
into  8-methylxanthine  via  acetylation  of  the  diacetyl  derivative  of  4,5-diaminouracil  (III); 
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In  accord  with  the  representation  of  Biltz  and  Schmidt,  Strukov  and  Diskina  depicted  the  diacetyl  deriva¬ 
tive  of  4,5-diaminouracil  (III)  as  being  2,6-dioxo-9-acetyl-8-hydroxy-8-methylhexahydropurine,  and  the  tri¬ 
acetyl  derivative  (IV)  as  being  2,6-dioxo-9-acetyl-8-acetoxy-8-methylhexahydtopurine. 

In  1953  Bredereck,  Hennig  and  Pfleiderer  [4]  experimentally  confirmed  the  validity  of  the  postulation 
made  by  Strukov  and  Diskina.  They  showed  that  the  triacetyl  derivative  of  4,5-diaminouracil  is  actually  an 
intermediate  product  in  the  transformation  of  uric  acid  into  8-methylxanthine,  and  improved  the  method  of  its 
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direct  preparation  from  uric  acid.  Contrary  to  Strukov  and  Diskina,  Bredereck  and  coworkers  regarded  the 
triacetyl  derivative  of  4,5-dlaminouracil  as  being  2,6-dioxo-7-acetyl-8-acetoxy-8-metliylhexaliydropurine 
(V). 

On  the  basis  of  the  investigations  that  were  made  it  was  considered  established  that  the  triacetyl  deriva¬ 
tive  of  4,5-diaminouracil  is  the  diacetyl  derivative  of  2,6-dioxo-8-hydroxy-8-methylhexahydropurine  and, 
consequently,  shows  a  bicyclic  structure.  The  opinions  of  the  various  investigators  differed  only  in  respect  to 
the  position  of  one  acetyl  group.  Such  a  viewpoint  relative  to  the  structure  of  the  triacetyl  derivative  permits 
explaining  only  its  transformation  into  8-methylxanthine.  The  other  chemical  properties  of  this  compound  do 
not  support  its  bicyclic  structure. 

Thus,  for  example,  when  dissolved  in  hot  water  the  triacetyl  derivative  of  4,5-diaminouracil  is  quite 
rapidly  transformed  into  the  diacetyl  derivative,  which  is,  as  has  been  firmly  established  at  the  present  time 
[5],  4,5-di-(  acetylamino)  -uracil  (  VII).  The  formation  of  the  latter  cannot  be  explained  with  the  aid  of  the 
structural  formulas  (I,  IV  and  V)  proposed  for  the  triacetyl  derivative  of  4,5-diaminouracil. 

In  connection  with  this  we  ran  some  experiments  to  study  further  the  chemical  properties  and  structure  of 
the  triacetyl  derivative  of  4,5-diaminouracil.  We  obtained  this  compound  by  boiling  uric  acid  in  a  mixture  of 
pyridine  as  solvent  and  acetic  anhydride.  The  technical  product  was  purified  via  rapid  crystallization  from  30 
volumes  of  water.  The  triacetyl  derivative  shows  low  stability  in  hot  water  and  is  hydrolyzed  to  4,5-di-(  acetyl¬ 
amino)  -uracil  ( VII) .  Judging  from  the  appearance  of  acetic  acid  odor,  the  hydrolysis  already  proceeds  at  the 
moment  of  soluticm.  During  the  hydrolysis  process  one  acetyl  group  is  removed  to  give  acetic  acid  and  a 
molecule  of  4,5-di-(  acetylamino) -uracil  (Vn).  Three  equivalents  of  sodium  hydroxide  are  consumed  in  the 
conductometric  titration*  of  the  water-recrystallized  triacetyl  derivative  of  4,5-diaminouracil  and  3  distinct 
titration  areas  are  formed.  In  contrast  to  the  triacetyl  derivative,  only  two  titration  areas  are  formed  in  the 
conductometric  titration  of  4,5 -di-(  acetylamino) -uracil  (VII)  under  similar  conditions  and,  correspondingly, 
only  2  equivalents  of  sodium  hydroxide  are  consumed.  The  molecular  weight  of  the  triacetyl  derivative  of  4,5- 
-diaminouracil,  found  as  the  result  of  conductometric  titration,  is  equal  to  268,  which  corresponds  to  the  em¬ 
pirical  formula  of  this  compound.  When  heated  in  quinoline  the  triacetyl  derivative  is  converted  into  8-methyl¬ 
xanthine  with  the  cleavage  of  a  molecule  of  acetic  anhydride.  The  yield  of  8-methylxanthine  is  close  to  the 
theoretical,  while  the  liberation  of  acetic  anhydride  in  this  reaction  is  confirmed  experimentally.  Distillation 
of  the  mother  liquor,  obtained  from  the  filtraticxi  of  the  8-methylxanthine,  yields,  in  addition  to  quinoline,  a 
fraction  boiling  in  the  range  140-165*.  Self-heating  is  observed  when  this  fraction  is  mixed  with  aniline,  and 
acetanilide  is  obtained  as  the  reaction  result.  Reaction  of  glacial  acetic  acid  with  aniline  under  these  conditions 
fails  to  yield  acetanilide. 

The  transformation  of  the  triacetyl  derivative 
into  8-methylxanthine  is  accompanied  by  a  peculiar 
change  in  the  electrical  conductivity  of  the  reaction 
mass.  This  change  during  the  reaction  process  can 
be  observed  by  measuring  the  ohmic  resistance  of  the 
reacticHi  medium  with  the  aid  of  a  conductometer. 

At  the  start  a  sharp  rise  in  electrical  conductivity  is 
observed  (see  figure),  and  then  a  similar  sharp  drop. 

At  the  end  of  reaction  the  electrical  conductivity 
level  of  the  reaction  mass  remains  nearly  the  same  as 
at  the  start  of  the  process. 

Interesting  data,  permitting  us  to  judge  as  to  the 
structure  of  the  triacetyl  derivative  of  4,5-diamino¬ 
uracil,  were  obtained  when  we  treated  this  compound 
with  glacial  acetic  acid.  The  boiling  of  the  triacetyl 
derivative  in  100%  acetic  acid,  the  same  as  when  it 
is  heated  in  water,  yields  4,5-di-(  acetylamino)  -uracil  (  VII).  Such  a  transformation  of  the  triacetyl  derivative 
under  the  influence  of  acetic  acid  cannot  be  explained  by  any  of  the  proposed  structural  formulas  (I,  IV,  V). 
Judging  from  literature  data  [6],  a  similar  acidolysis  of  cwie  acetyl  group  can  be  observed  for  diacetanilide,  the 
boiling  of  which  in  acetic  acid  results  in  the  cleavage  of  one  acetyl  group  and  the  formation  of  acetanilide.  A 

•The  conductometric  titration  of  the  obtained  substances  was  made  by  V.F.  Degtyarev. 
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Data  on  the  change  in  electrical  conductivity  of 
the  medium  when  4-acetylamino-5-di-(  acetyl¬ 
amino) -uracil  is  transformed  into  8-methylxan¬ 
thine. 
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similar  behavior  shown  by  tlie  triacetyl  derivative  of  4,5-diaminouracil  under  these  conditions  permitted  us  to 
conclude  that  of  the  three  acetyl  groups,  two  are  attached  to  one  nitrogen  atom,  the  same  as  holds  true  for  di- 
acetanilide.  When  it  is  considered  that  the  triacetyl  derivative  can  be  obtained  from  4,5-di-(  acetylamino)  - 
-uracil  (VII),  the  ability  of  this  compound  to  be  transformed  into  8-methylxanthine,  and  also  the  peculiarities 
shown  in  the  chemical  properties  of  tlie  individual  amino  groups,  it  can  be  concluded  that  the  two  acetyl  groups 
are  attached  to  N®.  With  such  an  arrangement  of  two  of  the  acetyl  groups,  the  triacetyl  derivative  of  4,5-di¬ 
aminouracil  can  only  be  4-acetylamino-5-di-(  acetylamino) -uracil  (VI). 

Such  a  representation  of  die  structure  of  the  triacetyl  derivative  of  4,5-diaminouracil  shows  good  agree¬ 
ment  with  its  chemical  properties.  Thus,  for  example,  the  formation  of  4,5-di-(  acetylamino) -uracil  (VII) 
becomes  understandable  when  this  compound  is  reacted  with  acetic  acid: 
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The  formation  of  8-methylxanthine  from  4-acetylamino-5-di-(  acetylamino) -uracil  (VI)  is  possible 
only  via  preliminary  cleavage  of  acetic  acid  and  subsequent  acidolysis  of  the  resulting  intermediate  product 
(VIII).  This  scheme  is  found  in  full  accord  with  the  data  on  the  change  in  the  electrical  conductivity  of  the 
medium  when  the  triacetyl  derivative  of  4,5-diaminouracil  is  transformed  into  8-methylxanthine  (see  figure). 


EXPERIMENTAL 

Preparation  of  4-acetylamino-5-di-(  acetylamino)  -uracil  (VI).  In  a  1000  ml  round -bottomed  flask  fit¬ 
ted  with  reflux  condenser,  fastened  on  a  ground  end,  was  placed  106  g  95%  commercial  uric  acid,  300  ml  ace¬ 
tic  anhydride  and  100  ml  pyridine -solvent  (b.p.  125-135®)  or  pyridine.  The  obtained  mixture  was  boiled  for 
5-5.5  hours  until  evolution  of  carbon  dioxide  ceased.  To  avoid  scorching  of  the  uric  acid,  the  contents  of  the 
flask  had  to  be  shaken  vigorously  until  boiling  started.  After  the  evolution  of  carbon  dioxide  ceased,  the  reac¬ 
tion  mass  was  cooled  to  room  temperature,  filtered  and  the  precipitate  on  the  filter  was  carefully  washed  with 
dry  dichloroethane  and  absolute  ether.  Yield  of  dry  commercial  4-acetylamino-5-di-(  acetylamino)  -uracil 
was  133  g,  which  amounted  to  83.5%,  calculated  on  uric  acid  taken  for  reaction. 

Purification  of  the  obtained  triacetyl  derivative  of  4,5-diaminouracil  was  carried  out  in  portions  by  rapid 
crystallization  from  a  30-fold  quantity  of  water.  The  precipitate  on  tlie  filter  was  washed  with  a  small  quantity 
of  ethyl  alcohol  and  then  with  ether.  The  total  yield  of  pure  substance  was  65-66  g. 

Results  of  conductometric  titration:  0.2132  g  subst.:  2.4  ml  N  NaOH.  Found  0.2136  g  subst. 

Formation  of  acetic  acid  on  hyd rolysis  of  4-acetylamino-5-di-(  acetylamino)  -uracil  (VI)  with  water. 

6.7  g  (  0.025  mole)  4-acetylamino-5-di-(  acetylamino)  -uracil,  recrystallized  from  water,  was  placed  in  a 
round -bottomed  flask  and  treated  with  live  steam  for  2  hours.  About  930  ml  of  distillate  was  carefully  collected 
and  the  acetic  acid  content  was  determined  by  conductometric  titration.  Analysis  showed  the  distillate  to  con¬ 
tain  1.2  g  (  80%)  acetic  acid. 

Preparation  of  4,5-di-(  acetylamino)  -uracil  ( VII)  from  4-acetylamino-5-di-(  acetylamino)  -uracil  (VI). 
a)  Hydrolysis  with  water.  20  g  of  commercial  product  (VI)  was  boiled  in  600  ml  water  for  30  minutes  and  fil¬ 
tered  free  of  insoluble  8-methylxanthine  precipitate.  The  filtrate  was  purified  with  a  small  amount  of  charcoal 
and  steamed  to  dryness.  Yield  of  dry  4,5-di-(  acetylamino)  -uracil  was  14.4  g  (  85.7%).  The  weight  of  filtered 
8-methylxanthine  was  2.8  g. 
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Results  of  conductometric  titratiixi:  0.2095  g  subst.:  1.85  ml  N  NaOH.  Found  0.2090  g  subst. 

b)  Acidolysis  of  acetic  acid.  In  a  100  ml  flask  fitted  with  reflux  condenser,  fastened  on  a  ground  end, 
was  placed  5  g  of  dry  substance  (VI),  recrystallized  from  water,  and  50  ml  of  100*70  acetic  acid.  The  contents 
of  the  flask  were  heated  to  the  boil.  After  about  18-20  minutes,  all  the  triacetyl  derivative  taken  for  reaction 
went  into  solution  and  within  a  small  interval  of  time  a  precipitate  of  4,5-di-(  acetylamino)  -uracil  started  to 
come  down.  Acidolysis  of  the  triacetyl  derivative  was  completed  on  boiling  the  contents  of  the  flask  for  an  hour. 
The  precipitate  which  came  down  was  filtered  off,  washed  from  acetic  acid  with  dry  dichloroethane,  absolute 
ether  and  dried  in  a  vacuum -desiccator  over  caustic  soda.  The  weight  of  the  obtained  substance(VlI)  \i  .s  3.4 
8(81%). 

Results  of  conductometric  titraticm:  0.1366  g  subst.:  1.20  ml  N  NaOH.  -Found  0.1356  g  subst. 

Preparation  of  8-methylxanthine  from  4-acetylamino-5-di-(  acetylamino)  -uracil  (VI).  In  a  3 -necked 
round -bottomed  200  ml  flask,  fitted  with  stirrer,  thermometer  and  reflux  condenser  with  platinum  electrodes 
fixed  inside,  was  placed  26.8  g  ( 0.1  mole)  (VI)  and  80  ml  quinoline.  The  heater  was  turned  on  and  with  con¬ 
tinuous  stirring,  as  the  temperature  rose,  measurements  were  taken  of  the  ohmic  resistance  of  the  contents  of  tlie 
flask.  After  the  temperature  reached  160-165®,  a  rapid  decrease  in  ohmic  resistance  of  the  reaction  mass  was 
noted,  which,  having  reached  a  definite  minimum,  again  began  to  increase  and  attained  the  initial  level.  After 
this,  the  contents  of  the  flask  were  cooled  and  filtered  from  the  mother  liquor  through  a  dry  filter.  The  precip¬ 
itate  of  8-methylxanthine  was  removed  from  the  filter,  suspended  in  dilute  sulfuric  acid,  filtered  and  carefully 
washed  with  water.  Yield  of  dry  96-98*70  product  was  16.3  g,  which  amounted  to  about  95*70,  The  data  on  the 
change  in  conductivity  of  the  medium  in  reciprocal  ohms  are  given  in  the  figure. 

Investigation  of  the  quinolinic  mother  liquor,  after  separation  of  8-methylxanthine,  for  acetic  anhydride 
content.  40  ml  quinolinic  mother  liquor,  obtained  after  filtration  of  8-methylxanthine  in  the  preceding  experi¬ 
ment,  was  fractionated  and  the  fraction  was  collected  which  boiled  in  the  range  140-165*.  About  4  ml  of  the 
fraction  obtained  was  mixed  (ice-water  cooling)  with  3.5  ml  aniline.  When  the  reactants  were  combined,  it 
was  observed  that  the  temperature  rose  to  70*.  The  mixture  was  cooled  to  room  temperature  and  set  aside  in  a 
closed  flask  for  12  hours.  The  crystalline  precipitate  of  acetanilide  which  came  down  was  filtered  off,  washed 
with  cold  water  and  dried.  Yield  of  dry  acetanilide  with  m.p.  114-115"  was  2.2  g. 

SUMMARY 

1.  The  chemical  properties  of  the  triacetyl  derivative  of  4,5-diaminouracil  were  studied. 

2.  It  was  shown  that  the  given  compound  is  4-acetylamino-5-di-(  acetylamino)  -uracil  ( VI) . 
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SYNTHESIS  AND  STUDY  OF  2  -  PH  EN  YL  -  1 , 3  -  IND  A  ND  ION  E 


A.M.  Khaletsky,  M.B.  Kolesova  and  R.M.  Metriklna 


Substances  that  function  as  blood  anticoagulants  find  themselves  the  center  of  medical  attention;  in  some 
illnesses  coagulation  of  the  blood  takes  place  inside  of  undamaged  vessels,  which  leads  to  the  formation  of  clots 
( thrombi) ,  capable  of  blocking  the  vessels  necessary  for  metabolic  activity  [1],  At  the  present  time  a  whole 
series  of  biological  and  synthetic  preparations,  functioning  as  blood  anticoagulants.  Is  known,  for  example  hepa¬ 
rin,  hirudin,  dicoumarol,  Tromexan,  Marcoumar,  etc.  [2],  In  general  the  last  three  show  a  close  structure  and 
are  derivatives  of  4-hydroxycoumarin  [3].  The  fundamental  disadvantage  of  all  of  these  compounds  is  the  fact 
that  their  action  appears  only  after  a  long  time  ( 1  to  3  days)  and  lasts  up  to  10  days.  In  addition,  dicoumarol 
is  characterized  by  high  toxicity  and  in  the  case  of  overdosage  produces  pain  in  the  spine  and  other  organs, 
which  caused  it  to  be  classified  as  a  poison  [4].  Tromexan  shows  its  effectiveness  when  used  in  large  doses  and 
its  use  proves  to  be  cumulative  in  the  organism.  Marcoumar  is  less  toxic  than  dicoumarol,  but  its  synthesis  is 
characterized  by  some  complexity.  In  1954  [5]  a  new  derivative  of  4-hydroxycourmarin  was  described,  3,3'- 
-furfurylidenebis(  4-hydroxycoumarin) ,  which  is  nontoxic,  proves  effective  in  48  hours  and  when  used  on  rabbits 
it  eliminates  the  condition  associated  with  blood-vessel  thrombosis  in  4-6  days. 

In  connection  with  the  above,  we  turned  our  attention  to  2-phenyl-l,3-indandione,  first  described  by 
Gabriel  [6].  We  s)mthesized  this  compound  by  condensing  phthalic  anhydride  with  phenylacetic  acid  in  the 
presence  of  sodium  acetate,  with  subsequent  isomerization  of  the  resulting  benzalphthalide  ( in  the  presence  of 
sodium  ethylate),  resulting  in  that, due  to  rupture  of  the  lactone  grouping  and  enol  formation  at  the  carbon 
in  the  3  position,  the  phenylcarbon  radical  suffers  migration,  which  on  acidification  leads  to  2 -phenyl -1,3 -in - 
dandione: 


I 

ONa 


Pharmacological  testing  of  the  preparation  synthesized  by  us,  made  by  R.Ya.  Polyak  under  the  supervision 
of  V.V.  Zakusova,  revealed  that  the  preparation  is  completely  nontoxic,  and  for  rabbits,  in  contrast  to  known 
preparations,  it  shows  considerably  faster  action  ( within  10-12  hours),  in  which  connection  it  fails  to  exhibit 
any  secondary  effect. 

EXPERIMENTAL 

Benzalphthalide.  110  g  phthalic  anhydride,  100  g  phenylacetic  acid  and  2.5  g  anhydrous  sodium  acetate 
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were  heated  for  2  hours  with  concurrent  driving  off  of  water.  The  obtained  benzalphthalide  was  extracted  with 
hot  alcohol  (  800  ml) ;  yield  128  g  (  78^o)  with  m.p.  96-98*. 

2-Phenyl-l,3-indandione.  22  g  benzalphthalide  was  dissolved  with  heating  in  150  ml  anhydrous  alcohol 
and  to  the  solution  was  added  50  ml  QPjo  sodium  ethylate  solution  and  the  yellowish  solution  became  dark  red. 
After  alcohol  was  driven  off,  acicular  red  crystals  separated  out  which  were  dissolved  in  water  and  acidified 
with  hydrochloric  acid.  Yield  22  g  ( lOO^o)  of  substance  with  m.p.  145*. 

Found  <70:  C  81.01.  80.99;  H  4.53,  4.53.  M  217.2,  227.8.  CijHioOj.  Calculated  <70  :  C  81.15;  H  4.53. 

M  222.0. 

2-Phenyl-l,3-indandione.was  readily  soluble  in  alcohol  and  in  ether,  giving  an  orange  coloration. and  in 
solutions  of  alkali  hydroxides  and  carbonates  -  a  red  coloration.  The  action  of  acids  decolorized  the  alkaline 
solutions. 


SUMMARY 

2-Phenyl -1,3 -indandione  was  synthesized  from  phthalic  anhydride  and  phenylacetic  acid,  followed  by  iso¬ 
merization  of  sodium  derivative  of  the  resulting  benzalphthalide,  and  its  properties  were  described. 
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REDUCTIVE  PROPERTIES  OF  a  -  N  A  PUT  H  Y  LM  ET  II Y  L  M  A  G  N  ES  I U  M 


CHLORIDE  IN  SOME  GRIGNARD  REACTIONS 
A.M.  Khaletsky  and  A.Ya.  Kaplan 


In  order  to  synthesize  tertiary  carbinols  with  a-naphthylmethyl  radicals  we  proceeded  from  a -naphthyl - 
metliylmagnesium  chloride  and  aryl  ketones;  in  addition  to  tertiary  alcohols,  it  was  assumed  here  that  dehy¬ 
dration  products  could  also  be  formed,  but,  as  the  experimental  data  revealed,  when  acetophenone,  benzophen- 
one,  phenyl  a-naphthyl  ketone  or  di-a-naphthyl  ketone  were  used  as  the  ketones,  reductive  reactions  predom¬ 
inated  in  nearly  all  cases,  and  the  ketones  behaved  as  though  they  were  nonparticipants  in  these  reactions. 

Thus,  for  example,  the  reaction  of  a -naphthylmethylmagnesium  chloride  with  either  acetophenone  at  benzo- 
phencHie  gave  a -methylnaphthalene  and  di-a-naphthylethane.  When  the  reaction  was  run  with  benzophenone 
and  the  reaction  conditions  were  changed  in  that  the  reaction  of  a -naphthylmethylmagnesium  chloride  with 
the  ketone  was  run  in  a  nitrogen  stream,  a  substance  was  obtained  which  when  brominated  led  to  a  monobromo 
derivative  having  the  composition  C24Hi7Br.  Here  it  could  be  assumed  that  the  first-formed  1, 1 -diphenyl -2- a - 
-naphtliylmethyicarbinol  suffered  dehydration,  and  the  resulting  1, 1-diphenyl -2-a-naphthylethylene  then  un¬ 
derwent  bromination; 


vCfiHnliCOH-CHa-CioH,-^  (C6H5)2C^CH— ^ 

(C,iH5)2CBr-CHBr-C,«H7-a  (CnHr,)2C--CBr-CioH7-*. 

The  reaction  of  a -naphthylmethylmagnesium  chloride  with  either  phenyl  a-naphthyl  ketone  or  di-a- 
-naphthyl  ketone  gave  di-a-naphthylethane  and  a -methylnaphthalene. 

Consequently,  as  follows  from  the  presented  data,  independent  of  the  nature  of  the  ketones  the  same  re¬ 
duction  products  are  always  formed.  The  di-a-naphthylethane  and  a -methylnaphthalene  were  identified  as 
their  picrates  with  m.p.  105.5  and  139-141",  respectively.  In  this  connection  the  starting  ketones  were  recov¬ 
ered  in  amounts  up  to  80*70  and  more,  and  also  showed  partial  tarring.  It  is  possible  that  the  tars  represented 
polymerization  products  of  unsaturated  compounds,  formed  in  the  dehydration  of  the  tertiary  alcohols;  with 
the  exception  of  studying  the  reaction  product  from  benzophenone  and  a-naphthylmethylmagnesium  chloride, 
this  problem  was  not  investigated  closer.  If  the  formation  of  di-a-naphthylethane  in  a  number  of  syntheses 
can  be  explained  by  a  pairing  of  radicals,  then  evidently  the  formation  of  a -methylnaphthalene  proceeds  as 
the  result  of  hydrolysis  of  the  a-naphthylmethylmagnesium  chloride. 

EXPERIMENTAL 

Reaction  of  a-naphthylmethylmagnesium  chloride  with  acetophentxie.  To  2.4  g  magnesium  in  100  ml 
ether  was  gradually  added  17.8  g  a-chloromethylnaphthalene  in  50  ml  ether  and  then  8  g  acetophenone 

in  50  ml  ether  was  added  with  stirring  to  the  resulting  organomagnesium  compound.  After  being  heated  for  3 
hours  on  a  v/ater  bath  with  reflux,  the  mixture  was  set  aside  overnight  and  decomposed  with  a  saturated  aqueous 
solution  of  ammonium  chloride  with  ice.  The  ethereal  solution  was  dried  over  calcined  sodium  sulfate.  After 
the  ether  was  driven  off,  a  viscous  mass  v/as  obtained  from  which  fine  white  crystals  soon  started  to  separate 
out.  After  separation,  washing  with  ether,  and  recrystallization  from  alcoholic -benzene  mixture  (1:1),  4.8  g 
di-a-naphthylethane  was  obtained  with  m.p.  160-161",  which  amounted  to  34%  with  respect  to  a-chloromethyl¬ 
naphthalene  (literature  data  give  m.p.  160"  [1]), 
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The  picrate  of  dl-a-naphthylethanc  was  prepared  for  Idenrificatlon.  0,24  g  of  substance  with  m.p.  160- 
161'  in  5  ml  benzene  was  mixed  with  0.42  g  picric  acid  in  5  ml  benzene  and  after  boiling,  the  separated  crys¬ 
tals  were  filtered  off  and  recrystallized  from  an  alcoholic -benzene  mixture  ( 1:1).  M.p.  105.5*  (literature  data 
give  m.p.  105'  [1]) . 

Upon  investigation  of  the  filtrate  after  separation  of  di-a-najjlithylethane,  6.5  g  of  substance  was  obtained 
with  b.p.  200-210*  ( acetophenone),  2.1  g  of  substance  with  the  odor  of  acetophenone  with  b.p.  218-242*  and 
9,5  g  dark-brown  viscous  resin.  Fraction  200-210*  boiled  at  201-205*  after  a  second  distillation;  its  2,4-dinitro- 
phenylhydrazone  had  m.p.  273*  and  gave  no  depression  in  a  mixed  sample  with  known  2,4-dinitrophenylhydra- 
zone  of  acetophenone  [2].  A  second  distillation  of  fraction  218-242*  yielded  a  substance  with  b.p.  237-240*; 
the  picrate  which  was  prepa’rc’d  from  it.had  in.'p,''139-141*  ( the  literature  data  give  the  picrate  of  a -methyl- 
naphthalene  m.p.  141*  [3]).  A  mixed  sample  with  the  picrate  of  a-methylnaphthalene  gave  no  depression. 

The  data  of  four  experiments  showed  that  more  than  80%  of  the  acetophenone  did  not  react;  the  average 
yield  of  a-methylnaphthalene  was  about  20%,  that  of  di-a -naphthylethane  -  about  36%. 

RedCtion  of  a-naphthylmethylmamiesii.iii  ciiioiidc  ^ith  peiizophenone.  lo  tm;  organomagnesium  com¬ 
pound,  prepared  from  2.4  g  magnesium  and  17.6  g  a -chlorometby Inaphtha lene  in  100  ml  ether  was  gradually 
added  18.2  g  benzophenone  in  100  ml  ether  \^^ith  stirring.  The  reaction  was  carried  out  in  a  nitrogen  atmosphere. 
The  reaction  mixture  was  heated  for  3  hours  on  a  water  bath  and  the  next  day  it  was  decomposed  with  saturated 
aqueous  solution  of  ammonium  chloride  with  ice.  After  the  larger  portion  of  the  ether  was  driven  off.  fine 
white  crystals  separated  out,  which  after  separation  and  recrystallization  from  alcohol -benzene  mixture  (1:1) 
had  m.p.  161-162*  and  gave  no  depression  with  di-a-naphthylethane.  Yield  2.8  g(~20%on  a-chloromethyl- 
naphthalene).  After  separation  of  di-a -naphthalene,  the  residue  was  a  viscous  yellow  non -crystallizing  res.- 
inous  substance,  which  was  distilled;  this  yielded  2.4  g  substance,  b.p.  127-135*  at  6  mm;  5.1  g  substance, 
b.p.  134-137*  at  7  mm  and  ~20  g  dark-brown  viscous  resinous  mass.  After  re -distillation,  fraction  127-135*  . 

boiled  at  199.5-203*,  and  its  picrate,  similar  to  the  previously  described  one,  had  m.p.  139-141*  and  gave  no 
depression  with  known  picrate  of  a-methylnaphthalene.  Fraction  137-147*  at  6  mm  crystallized;  after  recrys¬ 
tallization  from  alcohol,  it  had  m.p.  47-48*  and  gave  a  2,4-dinitrophenylhydrazone  with  m.p.  237.5-238".  A 
mixed  sample  with  known  2,4-dinitrophenylhydrazone  of  benzophenone  [4]  gave  no  depression. 

To  13.5  g  of  resinous  residue,  which  remained  after  separation  of  benzophenone  .and  dissolved  in  50  ml 
of  80%  acetic  acid,  was  added  drop-wise  with  vigorous  Stirling  and  cooling  to  -2  to +6*  a  solution  of  6,4  g  of 
bromine  in  25  ml  80%  acetic  acid.  The  reaction  mixture  was  poured  in  water;  a  yellow  flocculent  precipitate 
separated  out, v/J.ich  after  repeated  washings  with  water  and  treatment  with  steam,  converted  to  a  viscous  dark- 
brown  resinous  mass..  After  solution  in  ether,  drying  over  calcined  sodium  sulfate  and  driving  off  die  ether,  the 
residue  was  dissolved  in  hot  alcohol;  lustrous  crystals  separated  out  which  were  slightly  yellowish.  After  a  sec¬ 
ond  crystallization  from  alcohol,  0,85  g  of  substance  was  obtained  with  m.p.  124-126*. 

Found  %:  Br  20.75.  C24Hi7Br.  Calculated  %:  Br  20.73. 

5,8  g  bromide,  10  ml  ethyl  ether,  397  ml  1%  potassium  permanganate  solution  and  3  g  soda  were  shaken 
for  6  hours  and  then  the  reaction  mixture  was  set  aside  overnight.  The  colorless  solution  was  separated  from 
the  manganese  dioxide  and  after  washing  the  latter  with  hot  water  and  drying,  it  was  extracted’ with  hot  alcohol. 
On  cooling,  a  white  precipitate  separated  out  from  alcoholic  solution,  which  after  recrystallization  from  alcohol, 
had  m.p.  48-49*  and  gave  no  depression  in  mixed  sample  with  benzophenone. 

After  separation  of  the  manganese  dioxide,  the  aqueous  filtrate  was  concentrated  to  low  bulk,  neutralized 
with  nitric  acid  ( in  presence  of  phenolphthalein)  and  after  boiling,  was  filtered  into  a  100  ml  volumetric  flask. 
After  diluting  with  water  up  to  the  mark  in  aliquot  parts  of  the  given  solution,  potassium  bromide  was  deter¬ 
mined  ( Vohlhard)  and  potassium  naphthonate  was  titrated  with  0.1  N  hydrochloric  acid  solution  in  presence  of 
25  ml  ether  and  methyl  orange  indicator. 

a)  On  25  ml  of  solution,  used  for  quantitative  determination  of  naphthoic  acid,  37,0  ml  0.1  N  HCl  solu¬ 
tion  was  spent;  b)  on  another  25  ml  of  solution,  used  for  determination  of  bromide,  37.0  ml  0.1  N  AgNOs  solu¬ 
tion  was  spent.  Found  g:CioH7COOH  0.6360;  KBr  0,4403.  Calculated  for  C10H7COOH  in  given  volume  0.6478 
g,  KBr  0.4480  g. 

The  action  of  the  above-mentioned  neutralized  solution  of  hydrochloric  acid  yielded  a  white  precipitate, 
which  after  recrystallization  from  alcohol,  had  m.p.  160-161*  and  was  a -naphthoic  acid  [5]. 
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Found  <7o:  C  76.64,  76.46;  H  4.66,  4.68.  CiiHgO^.  Calculated  %:  C  76,74;  H  4.65. 

On  the  basis  of  the  analytical  data  on  the  formation,  upon  oxidation,  of  benzophenone,  naphthoic  acid 
and  potassium  bromide,  it  follows  that  the  substance  has  the  structure  of  1, 1 -diphenyl -2 -bromo-2*  a  -naphthyl- 
ethylene. 

Reaction  of  o-naphthylmethylmagnesium  chloride  with  phenyl  a -naphthyl  ketone.  To  2.4  g  magnesium 
in  75  ml  ether  was  added  with  stirring  a  solution  of  18  g  a -chloromethylnaphthalene  in  50  ml  ether.  After 
heating  for  2  hours  to  the  boiling  point  of  ether  and  subsequent  cooling  at  15 -20®, a  solution  of  15  g  phenyl  a- 
-naphthyl  ketone  in  75  ml  ether  was  gradually  added  to  the  reaction  mixture.  Then,  after  2  hours  of  heating  on 
a  water  bath,  the  reaction  mixture,  upon  cooling,  was  decomposed  with  an  aqueous  solution  of  ammonium  chlor¬ 
ide  with  ice.  The  ethereal  solution  was  dried  and  approximately  60-70*70 ether  (by  volume)  was  driven  off; 

4.7  g  of  substance  separated  out,  which  after  recrystallization  from  alcohol-ether  mixture  ( 1:1)  had  m.p.  160- 
161*  and  gave  no  depression  in  a  mixed  sample  with  known  di-a-naphthylethane.  Yield  33.5*1^  with  respect  to 
a -chloromethylnaphthalene.  After  separation  of  di-a-naphthylethane,  the  residue  was  a  viscous,  resinous,  yel¬ 
low  substance.  Distillaticm  of  20  g  of  the  latter  yielded  5.2  g  colorless,  oily  liquid  with  b.p.  125-135*  at  7  mm 
and  12.7  g  of  bright -yellow  viscous  mass  with  b.p^^  212-220*  at  7  mm,  which  almost  immediately  crystallized. 
After  a  second  distillation,  the  1st  fracticm  had  b.p.  240-245*  (at  normal  pressure).  The  picrate,  prepared  by 
reacting  the  benzene  solutions  of  the  substance  with  picric  acid,  had  m.p.  139-142*  after  recrystallization  from 
alcohol  and  gave  no  depression  in  a  mixed  sample  with  the  picrate  of  a-methylnaphthalene;  yield  6.5*70  with 
respect  to  a -chloromethylnaphthalene.  The  crystals,  obtained  from  the  second  fraction,  had  m.p.  74-75*  after 
recrystallization  from  alcohol  and  gave  no  depression  in  a  mixed  sample  with  known  phenyl  a -naphthyl  ketone. 
After  distillation,  the  residue  ( about  8  g)  was  a  dark -brown  viscous  resin  which  was  not  investigated  in  more  de- 


Reactlon  of  a-naphthylmethylmagnesium  chloride  with  di  -  a -naphthyl  ketone.  To  the  a  naphthylmethyl  - 
magnesium  chloride,  prepared  the  same  as  before  from  2.4  g  magnesium,  17.6  g  a -chloromethylnaphthalene  and 
ether,  was  added  gradually  with  stirring  a  solution  of  10  g  di- a -naphthyl  ketone  in  200  ml  ether.  After  heating 
on  a  water  bath  for  2  hours  and  decomposing  with  a  solution  of  ammonium  chloride  with  ice  12  hours  later,  the 
ethereal  layer  was  separated,  dried  and  after  driving  off  the  greater  part  of  the  ether,  5.1  g  of  crystalline  sub¬ 
stance  separated  out,  which  after  recrystallization  from  an  alcohol -benzene  mixture  ( 1:1),  had  m.p.  161-162* 
and  gave  no  depression  in  a  mixed  sample  with  known  di-a-naphthylethane.  Yield  36.1*7o  with  respect  to  a- 
-chloromethylnaphthalene.  From  the  yellow  resinous  residue,  after  separation  of  di-a-naphthylethane,  coarse 
white  crystals  separated  out  after  several  days,  which  were  separated  from  the  resin  by  addition  of  acetic  anhy¬ 
dride,  in  which  the  resin  dissolved.  Isolated  6  g  of  crystalline  substance,  which  after  recrystallization  from 
acetic  anhydride,  had  m.p.  97.5-99*.  Mixed  samples  with  known  di-a -naphthyl  ketone  and  its  2,4-dinitrophenyl- 
hydrazone  with  m.p.  269-270*  gave  no  depression.  As  the  obtained  data  show,  60*7o  of  the  di-S-najAithyl  ketone 
did  not  react  with  magnesiumchloro- a-methylnaphthalene. 

20  g  of  resinous  substance  was  distilled;  5.8  g  colorless  oily  liquid  with  b.p.  120.-137*  at  7  mm  was  ob¬ 
tained,  from  which  a  picrate  was  prepared  that  had  m.p.  140.5-142*  and  gave  no  depression  in  a  mixed  sample 
with  previously  prepared  picrate  of  a-methylnaphthalene. 

SUMMARY 

1.  The  reaction  of  a-naphthylmethylmagnesium  chloride  with  acetophenone,  benzophenone,  phenyl 

a -naphthyl  ketone  and  di-a -naphthyl  ketone  was  studied;  here  it  was  found  that  in  nearly  all  cases  pairing  of 
the  a -naphthylmethylene  radicals  occurs  with  the  formation  of  di-a-naphthylethane;  in  addition,  a-methyl¬ 
naphthalene  is  formed. 

2.  The  reaction  of  a-naphthylmethylmagnesium  chloride  with  benzophenone  was  studied  in  a  stream  of 
nitrogen;  here  it  was  found  that,  in  addition  to  di-a-naphthylethane  and  a-methylnaphthalene,  1,1-diphenyl- 
-2-a-naphthylethylene  is  formed.  The  presence  of  the  latter  was  shown  by  bromination  and  oxidation  of  the 
bromide. 
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THE  PREPARATION  AND  SOME  PROPERTIES  OF 
l-(2-FURYL)-3-METHYL-l-BUTEN-3-OL 

A  .  A  .  A  rsenyuk 


In  our  previous  studies  we  had  presented  experimental  data  on  the  preparation  and  study  of  some  of  the 
properties  of  l-(  2-furyl) -l-propen-3-ol,  l-(  2-furyl) -3-alkyl-l-propen-3-ols,  and  their  acetates  [1.2].  The 
present  investigation  is  devoted  to  the  organomagnesium  synthesis  of  l-(  2-furyl)  -3-methyl-l-buten-3-ol  from 
furfurylideneacetone,  and  also  from  the  ethyl  ester  of  6  -( 2-furyl)  -acrylic  acid.  This  alcohol  shows  interest  as 
a  possible  starting  substance  for  the  synthesis  of  l-(  2-furyl)  -3-methyl-l,3-butadiene. 
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The  reaction  of  organomagnesium  compounds  with  a, 6 -unsaturated  ketones  of  the  furan  series,  contain¬ 
ing  a  conjugated  system  of  double  bonds,  has  been  studied  by  a  number  of  investigators  [3-6].  It  was  established 
that  furfurylideneacetophenone  adds  to  the  organomagnesium  compound  at  the  1,4-position  of  the  conjugated 
system  with  the  formation  of  saturated  ketones.  Saturated  ketones  are  also  obtained  from  furfurylideneacetone, 
but  in  lower  yields,  due  to  the  formation  of  a  considerable  amount  of  tar.  In  the  experiments  using  methyl - 
magnesium  iodide  in  the  synthesis  the  products  obtained  from  furfurylideneacetone  were  exclusively  tars  [3]. 

The  reaction  of  some  organomagnedum  compounds  with  the  ethyl  ester  of  6-(  2-furyl)  -acrylic  acid  pro¬ 
ceeds  in  the  direction  of  forming  unsaturated  tertiary  alcohols  [6-8].  Data  on  the  direction  of  reaction  when 
the  ethyl  ester  of  fl-(  2-furyl)  -acrylic  acid  is  reacted  with  methylaminemagnesium  halides,  and  also  when  fur¬ 
furylideneacetone  is  reacted  with  methylmagnesium  bromide,  are  absent  in  the  literature. 

The  large  amount  of  literature  material  that  exists  on  organomagnesium  syntheses  employing  a, 6 -unsat¬ 
urated  ketones  and  the  esters  of  a, 6 -unsaturated  acids  of  the  ethylene  series  indicates  that  these  reactions  can 
proceed  in  different  directions,  depending  on  the  nature  of  the  starting  carbonyl  and  organomagnesium  compounds, 
and  also  on  the  conditions  under  which  the  reactions  are  run  [4-6,9].  When  methylmagnesium  halides  are  em¬ 
ployed  many  investigators  note  the  predominant  formation  of  unsaturated  tertiary  alcohols  and  the  products  of 
their  dehydration  [6,  10-12]. 

Our  first  experiments  on  the  synthesis  of  l-(  2-furyl)  -3-methyl-l-buten-3-ol,  the  sarne  as  the  analogous 
experiments  of  N.  Maxim  [3],  showed  but  slight  success.  Vacuum -distillation  of  the  crude  glycerinlike  tertiary 
alcohol  resulted  in  dehydration  of  the  latter  and  the  considerable  formation  of  tar.  The  portion  that  distilled 
(33-40%)  was  a  mixture  of  l-(  2-furyl) -3-methyl-l-buten-3-ol,  l-(  2-furyl) -3-methyl-l, 3-butadiene  and 
water.  By  means  of  later  experiments  it  was  established  that  to  achieve  successful  synthesis  of  l-(  2-furyl)  -3- 
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-methyl-l-buten-3-ol  via  the  reaction  of  methyl -containing  magnesium  halides  with  the  above -indicated  car¬ 
bonyl  compounds  it  is  necessary  to  run  me  reaction  at  temperatures  of  around  0*.  The  reaction  product  should  be 
decomposed  by  slow  pouring  over  crushed  ice  under  thorough  stirring,  and  the  ether  solution  of  the  tertiary  al¬ 
cohol  should  be  washed  with  sodium  thiosulfate  solution,  after  which  the  alcohol  is  stabilized  with  a  small  amount 
of  hydroqulnone.  In  the  vacuum -distillation  of  l-(  2-furyl)  -3-methyl-l-buten-3-ol  the  temperature  of  the  dis¬ 
tillation  flask  should  not  be  permitted  to  exceed  150-160*,  since  at  higher  temperature,  as  a  rule,  the  alcohol 
suffers  dehydration,  accompanied  by  the  formation  of  tar. 

Freshly  distilled  l-(  2-furyl)  -3 -methyl-1 -buten-3-ol  is  a  nearly  colorless,  pale-yellow  glycerinlike  liquid, 
readily  soluble  in  acetone,  ether  and  benzene,  less  soluble  in  ethanol  and  practically  insoluble  in  water.  When 
stored  the  alcohol  turns  yellow  and  gradually  acquires  a  cherry -red  color.  Thq  tertiary  alcohol  obtained  in  dif¬ 
ferent  experiments  differs  somewhat  in  its  index  of  refraction  values,  which  can  be  due  to  the  presence  of  small 
amounts  of  l-(  2-furyl)  -3 -methyl -1,3 -butadiene.  Vacuum -distillation  in  the  presence  of  an  iodine  crystal  re¬ 
sults  in  easy  dehydration  of  the  alcohol;  the  distillate  is  a  mixture  of  l-(  2-furyl) -3-methyl-l,3-butadiene,  water 
and  the  tertiary  alcohol. 

The  l-(  2-furyl)  -3 -methyl-1,3 -butadiene  isolated  from  the  mixture  of  dehydration  products  is  a  quite  mo¬ 
bile,  strongly  light -refractory,  pale-yellow  liquid.  It  is  readily  soluble  in  acetone,  ether  and  benzene,  poorly 
soluble  in  ethanol  and  insoluble  in  water.  It  shows  a  high  exaltation  of  the  molecular  refraction,  which  is  char¬ 
acteristic  for  furan  compounds  that  contain  a  conjugated  system  of  double  bonds  in  the  a-position  [8].  Similar 
to  other  unsaturated  compounds  of  the  furan  series,  the  substance  is  an  unstable  compound  and  when  stored  it 
gradually  acquires  a  yellow  color  and  becomes  less  mobile.  As  a  thin  layer  in  the  air  it  shows  comparatively 
rapid  transition  into  semitransparent  films  that  are  difficultly  soluble  in  acetone.  With  maleic  anhydride  it 
gives  an  adduct,  in  which,  based  on  the  analysis  data,  1  mole  of  l-( 2-furyl)  -3-methyl-l, 3-butadiene  is  com¬ 
bined  with  1  mole  of  maleic  anhydride. 


EXPERIMENTAL 

I.  Preparation  of  1 -(  2 -furyl) -3 -methyl  -  1 -buten -3 -ol. 

1.  From  furfurylideneacetone  and  methylmagneslum  iodide.  To  an  ethereal  solution  of  methylmagnesium 
iodide,  prepared  from  9.7  g  ( 0.4  mole)  magnesium  and  57  g  ( 0.4  mole)  methyl  iodide  in  100  ml  absolute  ether 
27.2  g  (  0.2  mole)  furfurylideneacetone  ( b.p.  119-121*  at  20  mm;  m.p.  38.5-40.0*),  dissolved  in  100  ml  abso¬ 
lute  ether,  was  slowly  added  with  vigorous  mechanical  stirring  and  cooling.  Addition  of  the  ethereal  solution 

of  furfurylideneacetone  was  carried  out  drop-wise  at  such  a  rate  that  the  temperature  of  the  reaction  mixture 
did  not  exceed  +5*.  The  reaction  mixture  was  stirred  for  30  minutes  at  room  temperature  and  for  3  hours  with 
heating  on  a  water  bath.  The  reaction  product  was  cooled  to  0*  and  gradually  in  small  portions  was  poured 
into  a  wide-necked  flask  on  cracked  ice  (300  g).  This  operation  was  carried  out  slowly  with  careful  stirring. 

The  basic  magnesium  salts  were  decomposed  by  addition  of  25%  previously  neutralized  (with  ammonia)  ammo¬ 
nium  chloride  solution.  The  ethereal  solution  of  l-(  2-furyl)  -3-methyl-l-buten-l-ol  was  separated  from  the 
aqueous  layer;  the  latter  was  twice  extracted  with  50  and  30  ml  of  ether.  The  ethereal  solution  of  alcohol  and 
the  ethereal  extracts  were  combined  and  twice  washed  with  a  5%  solution  of  sodium  thiosulfate,  a  1%  solution 
of  sodium  bicarbonate  and  with  water  and  then  dried  with  anhydrous  sodium  sulfate  in  presence  of  0.1  g  hydro- 
quinone.  After  driving  off  the  ether,  the  residue  ( 28.5  g)  was  vacuum -distilled  at  20  mm.  The  following  frac¬ 
tions  were  collected;  1st  to  115*,  3.78  g;  2nd  115-116*,  19.02  g  and  residue  (resin)  was  3.9  g.  The  2nd  frac¬ 
tion  was  l-(  2-furyl)  -3-methyl-l-buten-3-ol: 

nf5  1.5225,  d|°  1.0267,  MPq  45.24;  calc.  43.33.EMd 

Found  %:  C  70.83;  H  8.08.  M  149.2.  CsH^O,.  Calculated  %:  C  71.03;  H  7.95.  M  152.2. 

The  reaction  with  semicarbazide  for  the  presence  of  possible  admixture  of  2-(  2-furyl)  -4-pentanone  proved 
negative. 

2.  From  furfurylideneacetone  and  methylmagnesium  bromide.  Taken  for  synthesis  of  l-(  2-furyl) -3-meth¬ 
yl-l -buten -3 -ol;  9.7  g  (  0.4  mole)  magnesium,  ;,;c  .cs  of  methyl  bromide  and  27.2  g  (  0.2  mole)  furfurylidene¬ 
acetone.  The  carrying  out  of  the  reaction,  decomposition  of  the  reaction  product,  isolation  and  purification  of 
the  alcohol  were  carried  out  under  the  same  conditions  as  for  the  synthesis  in  which  methyl  iodide  was  used. 

Upon  distillation  of  24.6  g  of  unpurified  alcohol  at  15  mm,  the  following  fractions  were  collected;  1st  to  107*, 
0.8  g;  2nd  107-109*,  19.03  g  and  residue,  2.9  g.  The  2nd  fraction  had  the  following  constants; 

ng  1.5255,  dj®  1.0271,  45.36;  calc.  43.33.  EMd  2.03. 
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Found  C  70.84;  H  8.20.  M  150.8.  CsHuOj.  Calculated  %:  C  71.03;  H  7.95.  M  152.2. 

3.  From  ethyl  ester  of  8-(2-furyl)  -acrylic  acid  and  methylmagnesium  bromide.  The  ethyl  ester  of  6  - 
-(2-furyl)  -acrylic  acid  was  prepared  according  to  the  prescription  given  in  [7].  6-(2-furyl)  -acrylic  acid  was 
synthesized  from  furfurol  by  the  Perkin  reaction.  From  12.2  g  (  0.5  mole)  magnesium  in  125  ml  absolute  ether, 
an  excess  of  methyl  bromide  and  33.2  g  ( 0.2  mole)  ethyl  ester  of  fi  -(2-furyl)  -acrylic  acid,  dissolved  in  75  ml 
dry  ether,  was  obtained  (as  described  before)  23.3  g  unpurified  alcohol.  Vacuum -distillation  yielded  12.8  g  of 
l-( 2-furyl)  -3-methyl-l-buten-3-Dl,  which  in  constants  and  elementary  composition  proved  analogous  to  the 
alcohol  prepared  from  furfnrylideneacetone. 

II.  Preparation  of  1 -(  2  -  f  ury  1 ) -3  -  me  thy  1  -  1 , 3  -  bu  t  ad  i  ene  . 

Experiment  1.  Vacuum-distillation  (at  130-140*  and  20-21  mm)  in  presence  of  an  iodine  crystal  of  11.0 
g  l-(  2-furyl)  -3-methyl-l-buten-3-ol  with  an  admixture  of  l-(  2-furyl) -3 -methyl -1,3 -butadiene  yielded  7.3  g 
(  66.4%)  of  a  mixture  of  dehydration  products.  2.6  g  ( 23.6%)  of  resin  remained  in  the  distilling  flask.  The  mix¬ 
ture  of  dehydration  products  was  washed  twice  with  5%  sodium  thiosulfate  solution,  then  with  water  and  dried  with 
anhydrous  CaCl|.  Distillation  of  3.54  g  of  impure  substance  in  vacuum  over  metallic  sodium  yielded  l-(  2-futyl)  - 
-3 -methyl -1,3 -butadiene  (2.9  g)  withb.p.  82-83*^ at  20  mm;  n^  1.5775.  A  second  distillation  in  vacuum  over 
metallic  sodium  yielded  2.2  g  of  substance  with  b.p.  82-83*  at  20  mm. 

nf5  1.5781,  d|®  0.9595,  MRj)  46.35;  calc.  41.39.  EMd  5.01. 

Found  %:  C  80.22;  H  7.65.  M  131.0.  C9H10O.  Calculated  %:  C  80.56;  H  7.51.  M  134.2. 

Experiment  2.  In  the  synthesis  of  l-( 2-furyl)  -3-methyl-l-buten-3-ol  from  the  ethyl  ester  of  8 -(2-furyl)  - 
-acrylic  acid  and  methylmagnesium  iodide,  vacuum -distillation  of  28.0  g  of  impure  alcohol  yielded  10.23  g 
(33.5%)  of  a  mixture  of  dehydration  products.  Treatment  of  the  latter  by  the  method  described  in  Experiment  1 
yielded  6.3  g  of  l-(  2-furyl)  -3 -methyl -1,3 -butadiene  with  b.p.  82-83*  at  20  mm,  np  1.5781. 

III,  Reaction  of  1 -(  2  -  f  ury  1 )  -3  -  me  thy  1  -  1 , 3  -  butad  i  en  e  with  maleic  anhydride. 

A  yellow  coloration  was  observed  upon  mixing  0.036  mole  l-(  2-furyl)  -3 -methyl -1,3 -butadiene  with 
0.036  mole  maleic  anhydride.  After  complete  solution  of  maleic  anhydride,  the  temperature  of  the  reaction 
mixture  rapidly  rose  to  170*.  When  the  temperature  fell  to  40*,  to  the  rather  immobile  reaction  product  was 
added  an  equivalent  volume  of  dry  benzene  and  for  completion  of  reaction  the  solution  was  heated  on  a  boiling 
water  bath  for  30  minutes.  Petroleum  ether  (  b.p.  85-87*)  was  added  in  small  portions  to  the  solution  ( cooled  to 
room  temperature)  until  turbidity.  The  crystals  which  came  down  were  filtered  off,  washed  3  times  with  small 
portions  of  ethyl  ether  and  dried  in  the  air.  Yield  6.06  g  ( 71.7%)  of  light -yellow  acicular  adduct  crystals  with 
m.p.  71-74*.  Half  (3.0  g)  of  the  substance  was  recrystallized  by  solution  in  ethyl  ether  with  subsequent  addi¬ 
tion  of  petroleum  ether.  The  subsequently  separated  portions  ( 1.15  and  0.6  g)  of  adduct  crystals  had  m.p.  73-75*. 

Found  V'  C  67.07;  H  5.29.  M  230.9.  Ci3Hi204.  Calculated  %:  C  67.23;  H  5.21.  M  232.2. 

The  second  half  (3.0  g)  of  unrecrystalllzed  adduct  was  converted  to  the  corresponding  dibasic  acid.  A 
weighed  portion  of  the  anhydride  was  dissolved  with  mild  heating  in  10%  caustic  soda  solution.  When  20%  sul¬ 
furic  acid  was  added  to  the  filtered  solution,  a  voluminous  precipitate  came  down,  which  was  separated  off, 
washed  with  water  and  dried  in  air.  Yield  2.55  g  (78.9%)  of  light-yellow  crystals  of  dibasic  acid.  During  the 
determination  of  the  melting  point  of  the  substance,  the  color  gradually  changed  from  light-yellow  to  yellow- 
brown  and  then  (  at  163-167°)  the  substance  melted  with  reddening  of  the  fusion.  The  melting  point  was  indef¬ 
inite  and  markedly  varied  with  the  rate  at  which  the  temperature  was  raised  in  the  apparatus.  This  phenomenon 
was  evidently  due  to  partial  dehydration  of  the  dibasic  acid. 

A  portion  ( 1.55  g)  of  the  acid  was  extracted  three  times  with  25 -ml  portions  of  ethyl  ether.  Petroleum 
ether  was  added  in  several  portions  to  the  ethereal  extract  until  turbidity  and  formation  of  crystals.  After  cool¬ 
ing  for  an  hour  at  0*,  the  crystals  were  separated  off,  washed  with  ethyl  ether  and  dried  in  the  air.  Isolated  0.50 
g  (32.3%  of  initial)  purified  dibasic  acid,  which  had  m.p.  165-167*  (with  decomposition).  After  evaporation  of 
the  ether  at  room  temperature,  from  the  mother  liquor  was  isolated  0.32  g  ( 20.6%)  more  of  crystals  with  m.p. 
165-167*  (  with  decomposition) . 

Found  %;  C  62.48;  H  5.69.  Equiv.  119.7.  C13H14O5.  Calculated  %:  C  62.39;  H  5.64.  Equiv.  125.1. 

SUMMARY 

1.  The  synthesis  of  l-(  2-furyl)  -3 -methyl -l-buten-3-ol  from  furfurylideneacetone  was  described,  and  also 
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from  the  ethyl  ester  of  fl  -( 2-furyl)  -acrylic  acid. 

2.  The  dehydration  of  l-(  2-furyl)  -3 -methyl-1 -buten-3-ol  gave  l-(  2-furyl)  -3-methyl-l, 3-butadiene. 

3.  The  diene  synthesis  of  l-(  2-furyl)  -3-methyl-l, 3-butadiene  with  maleic  anhydride  gave  an  adduct, 
and  from  the  latter  the  corresponding  dibasic  acid  was  obtained. 
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THE  6 -CHLOROETHYLAMIDE  OF  NICOTINIC  ACID 


G.I.  Braz  and  V.A.  Skorodumov 


In  searching  for  cancerolytic  agents  Drefahl  and  Konig  recently  synthesized  the  d  -chloroethylamlde  of 
nicotinic  acid  ( I),  from  which  they  later  obtained  2-(3-pyridyl)  -A*-oxazoline  (  D)  [1].  The  appearance  of 
this  communication  by  the  indicated  authors  aroused  us  to  describe  the  experiments  made  in  1949  on  the  syn¬ 
thesis  of  the  5 -chloroethylamlde  of  nicotinic  acid  by  a  different  method.  At  the  same  time  we  are  presenting 
the  conditions  used  by  us  to  convert  this  6 -chloroethylamlde  into  2-(3-pyridyl)  -A*-oxazoline,  giving  better 
results  than  those  used  by  Drefahl  and  Konig. 

Basing  ourselves  on  the  statements  made  in  the  old  study  of  Gabriel  and  Stelzner  [2],  in  accord  with  which 
N-benzoylethyleneimine  shows  much  easier  opening  of  its  three -membered  ring  under  the  influence  of  hydrogen 
halide  acids  than  does  ethyleneimlne  itself,  we  decided  to  synthesize  various  N-acyl  derivatives  of  ethyleneim- 
ine  and  use  them  as  alkylation  agents  in  some  of  the  cases  of  interest  to  us.  Here  it  was  revealed  that  among 
the  other  compounds  obtained  the  N-nicotinoylethyleneimine  (HI)  is  unstable  and,  having  been  isolated  from 
the  reaction  solution,  shows  comparatively  rapid  polymerization  at  room  temperature.  When  an  ether  solution 
of  the  freshly  prepared  ethyleneimide  of  nicotinic  acid  is  reacted  with  excess  HCl  solution  in  anhydrous  alcohol 
the  hydrochloride  of  the  6 -chloroethylamlde  of  nicotinic  acid  is  obtained  in  good  yield,  suffering  easy 
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transformation  into  the  dihydrochloride  of  the  8  -aminoethyl  ester  of  nicotinic  acid  ( IV)  when  its  aqueous  solu¬ 
tion  is  boiled.  Short  heating  of  the  hydrochloride  of  the  8 -chloroethylamlde  of  nicotinic  acid  with  the  calcula¬ 
ted  amount  of  alkali  in  water  solution  yields  2-(3-pyridyl)  -A*-oxazoline,  obtained  in  over  90%  yield. 

The  pyridyloxazoline  shows  very  slow  change  when  heated  with  water  and  only  after  boiling  for  ~  60  hours 
with  a  12  to  15-fold  amount  of  water  does  it  show  transformation  into  the  8 -hydroxyethylamide  of  nicotinic 
acid.’  In  acid  medium  the  oxazoline  ring  is  easily  opened  even  in  the  cold.  Thus,  the  addition  of  the  calcula¬ 
ted  amount  of  alcoholic  HCl  solution  to  an  ether  solution  of  the  pyridyloxazoline  yields,  not  the  dihydrochloride 
of  the  pyridyloxazoline,  as  might  be  expected  [3],  but  instead  the  dihydtochloride  of  the  8 -aminoethyl  ester  of 
nicotinic  acid  [4];  the  water  needed  to  realize  this  reaction  is  contained  in  sufficient  amount  in  the  solvents 
used. 


EXPERIMENTAL 

Ethyleneimide  of  nicotinic  acid.  The  starting  substance  in  the  preparaticm  of  the  ethyleneimide  of  nic¬ 
otinic  acid  chloride  was  synthesized  (  Meyer  and  Graf  [5])  by  boiling  nicotinic  acid  (  45  g)  with  thionyl  chloride 
( 90  ml)  for  about  40  hours.  The  yield  of  acid  chloride,  separated  by  fractionation  of  the  reaction  solution 
was  about  79%,  b.p.  101-102*  (21  mm),  122-123"  (60-64  mm),  m.p.  15-16*. 
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A  solution  (cooled  to  -12  to  -15*)  of  30.8  g  (0.716  mole)  of  ethyleneimide  in  150  ml  of  absolute  ether 
was  placed  in  a  3-necked  flask  (750  ml)  fitted  with  mercury-sealed  stirrer,  thermometer  and  dropping  funnel 
and  to  this  was  added  drop-wise  with  stirring  and  ice -salt  cooling  41  g  (0.29  mole)  of  nicotinic  acid  chloride 
in  300  ml  absolute  ether  at  such  a  rate  so  that  the  temperature  did  not  exceed  -5  to  -3*;  the  reaction  mass  was 
stirred  at  the  same  temperature  for  3.5-4  hours  more;  the  solution  was  decanted  from  the  precipitate,  not  invest¬ 
igated  further,  wliich  had  separated  out  on  the  walls  of  the  flask  (probably  ethyleneimine  hydrochloride).  This 
precipitate  had  to  be  immediately  dissolved  in  water  or  else  spontaneous  polymerization  soon  set  in  with  consid¬ 
erable  evolution  of  heat,  which  was  capable  of  breaking  the  flask.  The  ether  was  removed  from  the  filtered  sol¬ 
ution  in  vacuum  without  access  of  atmospheric  moisture  at  a  temperature  not  exceeding  0*;  the  obtained  white 
crystals  of  the  ethyleneimide  of  nicotinic  acid,  due  to  its  instability,  was  quickly  used  for  the  subsequent  work. 
Yield  of  ethyleneimide  80-89%,  on  acid  chloride. 

The  ethyleneimide  of  nicotinic  acid  was  soluble  in  ether,  benzene,  alcohol  and  in  water;  at  room  temper¬ 
ature  it  turned  into  a  transparent  colorless  liquid,  which  rapidly  darkened  and  overnight  was  converted  into  a 
solid  transparent  substance,  which  was  no  longer  soluble  in  ether. 

8-Chloroethylamide  of  nicotinic  acid.  35  g  freshly -prepared  crystalline  ethyleneimide  of  nicotinic  acid 
was  dissolved  in  200  ml  absolute  ether,  filtered,  if  necessary,  and  gradually  run  into  350  ml  17.5%  HCl  solution 
in  anhydrous  alcohol  with  stirring  at  -5  to  0".  A  white  crystalline  precipitate  soon  separated  out.  The  next  day 
the  precipitate  was  separated  off,  washed  with  a  small  amount  of  anhydrous  alcohol  and  absolute  ether  and  dried 
in  vacuum.  Yield  of  6-chloroethylamide  hydrochloride  of  nicotinic  acid  44.6  g,  m.p.  141-142*.  After  recrys¬ 
tallization  from  anhydrous  alcohol  (1:5),  the  melting  point  rose  to  142-143*. 

Found  %:  Cl  (ion)  15.89;  Cl  (total)  31.77;  N  12.74.  CgHgONjCl  •  HCl.  Calculated  %:  Cl  (ion)  16.04;  Cl 
(total)  32.07;  N  12.67. 

2  g  of  6-chloroethylamide  hydrochloride  of  nicotinic  acid  was  dissolved  in  20  ml  water  and  boiled  for  1.5 
hours.  The  solution  was  then  steamed  down  in  vacuum  to  dryness,  the  residue  was  dissolved  with  heating  in  50 
ml  methyl  alcohol  and  100  ml  hot  ethyl  acetate  was  added.  Yield  of  6-aminoethyl  ester  dihydrochloride  of 
nicotinic  acid  1.3  g,  m.p,  191-192*.  After  four  precipitations  from  methyl  alcohol  with  ethyl  acetate,  the  melt¬ 
ing  point  rose  to  206-207*  (decomp.).* 

2-(Pyridyl-3)-A^-oxazoline.  44.2  g  (0.2  mole)  of  nicotinic  acid  8-chloroethylamide  hydrochloride  was 
added  at  room  temperature  to  a  solution  of  16.8  g  (0.42  mole)  of  caustic  soda  in  240  ml  water,  heated  with  shak¬ 
ing  to  50*  and  held  at  this  temperature  for  3  minutes.  The  oil  which  separated  out  from  the  reaction  mixture 
went  into  solution  during  heating.  The  mixture  was  set  aside  at  room  temperature  for  45  minutes,  220  ml  of 
~  50%  caustic  potash  solution  was  run  into  the  mixture  and  it  was  extracted  several  times  with  ether.  The  com¬ 
bined  extracts  were  dried  with  calcined  MgS04,  the  ether  was  removediand  the  residue,  28.2  g,  m.p.  67-69*,  was 
distilled.  Yield  of  pyridyloxazoline  27.3  g  (92,2%),  b.p.  135-137*  (11-13  mm),  153-154*  (22-23  mm),  at  atmos¬ 
pheric  pressure  about  260*,  m.p.  70-71*.  For  purification  of  the  reaction  product,  instead  of  being  distilled,  it 
may  be  recrystallized  from  petroleum  ether  with  b.p.  80-100*. 

Found  %:  C  65,19;  H  5,77;  N  18,94.  CgHgONj.  Calculated  %:  C  64.85;  H  5,44;  N  18.91. 

E^ridyloxazoline  was  a  colorless  crystalline  substance  with  a  very  faint  odor,  slightly  like  that  of  pyridine. 

It  was  readily  soluble  in  water,  alcohol,  ether  and  benzene,  sparingly  soluble  in  the  cold  in  petroleum  ether.  The 
aqueous  solution  gave  a  weakly  alkaline  reaction  (on  litmus). 

To  0.5  g  pyridyloxazoline  in  30  ml  water  was  added  in  the  cold  225  ml  of  1%  aqueous  solution  of  picric 
acid  and  the  picrate,  which  separated  out  in  the  form  of  attached  needles,  was  washed  with  water  and  dried  in 
vacuum  at  room  temperature  and  then  with  heating  over  PgOg  (100*,  3  hours),  m.p,  picrate  141-142*. 

Found  %:  C  39.56;  H  2.30;  N  17.98,  18.40.  CgHgONj.  Calculated  %;  C  39.61;  H  2.33;  N  18,48. 

To  prepare  the  ethiodide,  pyridyloxazoline  was  boiled  with  an  excess  of  ethyl  iodide  and  the  crystalline 
precipitate  which  separated  out  was  recrystallized  from  alcohol.  M.p.  193-194*  (upon  lowering  capillary  into 
apparatus  heated  to  180*,  rate  of  temperature  rise  3*  per  minute).  The  ethiodide  was  readily  soluble  in  water. 

Found  %:  C  39.74;  H  4.11;  N  9.49;  I  41.90.  CigHigONgl.  Calculated  %:  C  39.49;  H  4.31;  N  9.21;  I  41.73. 

A  solution  of  2  g  pyridyloxazoline  in  27.3  ml  1  N  HCl  was  boiled  under  reflux  for  1  hour  and  45  minutes 
and  steamed  to  dryness  in  vacuum.  The  obtained  nicotinic  acid  6-aminoethyl  ester  dihydrochloride  (2.3  g,  m.p, 
193-196*  with  decomposition)  was  purified  by  reprecipitation  with  absolute  ether  from  anhydrous  methanol; 

•According  to  the  data  of  Phillips  and  Baltzly,  this  compound  has  m.p.  213-214*  [61, 
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m.p.  206.5-207®  (  decomp.) .  A  mixed  sample  with  the  nicotinic  acid  6  -aminoethyl  ester  dihydrochloride,  pre¬ 
pared  from  nicotinic  acid  fi  -chloroethylamide  gave  no  depression. 

To  a  solution  of  1  g  pyridyloxazoline  in  20  ml  ether  was  added  with  stirring  and  cooling  a  mixture  of  20 
ml  ether  with  3.5  g  15.6%  alcoholic  solution  of  HCl  and  the  precipitate  of  nicotinic  acid  fi -aminoethyl  ester 
dihydrochloride  which  separated  out  was  purified  by  reprecipitation;  yield  1  g  ,  m.p.  206-207®  ( decomp.) . 

Found  %:  Cl  29.41.  •  2HC1.  Calculated  %:  Cl  29.67. 

SUMMARY 

A  method  was  described  for  the  preparation  of  the  ethyleneimide,  6 -chloroethylamide  and  0 -aminoethyl 
ester  of  nicotinic  acid,  and  also  for  the  preparation  of  2-(  3-pyridyl)  -  A*-oxazoline. 
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THE  CHEMISTRY  OF  CHLOROMYCETIN  (  LE  V  OM  Y  C  ET I N  ) 


VIII.  THE  DEPENDENCE  OF  THE  ANTIMICROBIAL  ACTIVITY  OF  CHLOROMYCETIN 
ON  ITS  STRUCTURE  AND  THE  MECHANISM  OF  CHLOROMYCETIN  ACTION  [1] 

M.M.  Shemyakin,  M.N.  Kolosov,  M.M.  Levitov,  K.I.  Germanova, 
M.G,  Karapetyan,  Yu.B.  Shvetsov  and  E.M.  Bamdas 


The  question  of  the  dependence  of  the  antimicrobial  activity  of  D-threo-l-(  p-nitrophenyl) -2-dichloraace^ 
tamido-l,3-propanediol  ( chioromycetin,  chloramphenicol,  levomycetin)  on  its  structure  and  the  closely  asso¬ 
ciated  question  of  the  mechanism  of  the  biological  action  of  this  compound  are  of  considerable  theoretical  int¬ 
erest.  The  synthesis  of  several  hundred  analogs  and  derivatives  of  chioromycetin  has  been  realized  in  recent 
years,  in  which  connection  many  of  the  synthesized  compounds  have  been  subjected  to  biological  testing,  which 
permitted  an  elucidation  of  the  different  facets  of  the  relationship  between  structure  and  the  antimicrobial  ac¬ 
tivity  of  chioromycetin  to  be  approached.  However,  some  of  the  conclusions  made  here  proved  to  be  based  on 
faulty  biological  and  stereochemical  data  ( see  [2],  and  also  below) ,  while  many  important  facets  of  this  relation¬ 
ship  still  remained  completely  without  elucidation  and  in  the  very  fore  the  basic  question  —  what  are  the  reasons 
and  character  of  the  influence  shown  by  the  individual  groupings  in  the  chioromycetin  molecule  on  its  activity. 

The  experimental  data  existing  up  to  now  have  permitted  making  a  sufficiently  definite  conclusion  as  to 
the  degree  and  character  of  influence  shown  on  the  antimicrobial  activity  of  chioromycetin  only  as  regards  the 
aminopropanediol  portion  of  its  molecule  (I).  Here  attention  was  attracted  to  the  fact  that  practically  any  struc¬ 
tural  or  spatial  changes  of  the  aminopropanediol  chain,  changing  either  the  nature  or  mutual  distribution  of  the 
individual  atoms  and  groupings  in  this  portion  of  the  molecule,  lead  to  either  complete  or  nearly  complete  loss 
of  antimicrobial  activity.* 


COCHCI2 


*  All  three  isomers  of  chioromycetin  are  practically  inactive  [3].  Substitution  of  alkyl  groups  for  the  hydrogen 
atoms  at  the  0-,  N-  and  C-atoms  of  the  aliphatic  chain  [4-6],  acylation  of  the  hydroxyl  groups  [7],  conversion 
of  the  primary  alcohol  group  into  either  the  carboxyl  [8]  or  a  carbalkoxyl  group  [6,9],  etc.,  all  lead  to  loss  of 
in  vitro  activity.  To  be  sure,  in  vivo  the  O-acyl  derivatives  of  chioromycetin  can  show  some  activity  in  the  pre¬ 
sence  of  the  corresponding  esterases  in  the  macroorganism;  however,  in  this  case  the  antimicrobial  action  is  de¬ 
termined,  not  by  the  starting  substance,  but  instead  by  the  chioromycetin  that  is  formed  in'its  cleavage  [10]. 
Recently  [11]  a  slight  antibacterial  activity  was  shown  for  two  of  the  chioromycetin  analogs,  containing  at  either 
or  C®  a  chlorine  atom  in  place  of  the  hydroxyl  group,  which  is  probably  due  to  the  slight  difference  in  the 
polarity  and  dimensions  of  the  Cl  atom  and  the  OH  group. 
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From  this  it  was  natural  to  arrive  at  the  conclusion  that  the  aminopropanediol  chain  of  Chloromycetin 
serves  to  bind  it  to  specific  proteins  of  enzymes,  necessary  for  the  normal  metabolic  activity  of  microorganisms. 

A  group  of  English  investigators  [5]  were  the  first  to  come  to  this  conclusion  In  1952;  they  believed  that  It  was 
specifically  as  the  result  of  this  type  of  reaction  between  Chloromycetin  and  the  microbe  cells  that  the  normal 
exchange  processes  of  the  latter  were  disturbed.  In  the  development  of  their  hypothesis  the  indicated  Investiga¬ 
tors  also  enunciated  a  number  of  further  considerations  relative  to  the  reasons  and  character  of  this  reaction, 
which,  however,  in  our  opinion,  cannot  be  taken  into  consideration,  since  they  were  made  on  the  basis  of  an  in¬ 
correct  space  model  for  Chloromycetin*  and  inaccurate  results  for  a  portion  of  the  microbiological  tests  ( [2]  and 
below). 

If  we  start  with  the  conect  space  model  for  Chloromycetin  (Fig.  1)  and  at  the  same  time  take  Into  con¬ 
sideration  the  fact  that  its  molecule  possesses  a  stable  cis -conformation,*  •  then  a  very  peculiar  characteristic 
of  this  compound  becomes  very  strongly  evident,  namely,  the  exclusively  close  spatial  proximity  and  at  the 
same  time  the  spatial  availability  of  Its  acetamido  and  hydroxyl  groups,  which  creates'  the  possibility  of  their 
vigorous  reaction  with  the  peptide  groups  of  protein  molecules.*  *  *  As  a  result,  the  amide  and  the  two  hydroxyl 
groups  in  the  aliphatic  chain  of  Chloromycetin  specifically  form  that  active  center  (dotted  triangle  in  Fig.  1) 
which  assures  the  addition  of  this  molecule  to  the  specific  centers  of  certain  bacterial  enzymes,  in  that  way 
excluding  the  latter  from  the  normal  exchange  processes  inherent  to  microbe  cells. 

What  is  the  nature  of  the  role  played  by  the  other  two,  no  less  Important,  portions  of  the  Chloromycetin 
molecule,  namely  the  p-nitrophenyl  radical  and  the  N -dichloroacetyl  residue,  both  of  which  are  met  very  rarely 
in  natural  compounds  ^  The  question  of  the  reason  for  the  strong  influence  sifovvri  by  these  groupings  on  tlie 
antimicrobial  activity  of  Chloromycetin  has  hardlj  been  discusSfed  in  the  literature.  **••  It  seemed 
most  probable  to  us  that  the  influence  of  both  grou|>ings  should  be  associated  t/ith  their  characteristically  strong 
polarizing  action,  and  that  it  is  specifically  this  property,  together  with  the  structural  and  spatial  characteristics 
shown  by  the  aminopropanediol  portion  of  the  molecule,  that  appears  as  one  of  the  basic  factors  resp-onsihle  for 
the  high  specificity  shown  by  the  biological  action  of  Chloromycetin. 

To  verify  the  validity  of  this  postulation  it  was  necessary  to  study  the  antimicrobial  activiiy  of  two  groups 
of  Chloromycetin  analogs,  differing  from  'the  former  by  the  presence  of  substituents  other  than  either  the  nitro 
group  or  the  dichloroacetyl  residue  (  compounds  of  Type  II  and  III) .  Here  it  was  very  important  to  make  sure 
that  any  of  the  mentioned  changes  in  the  Chloromycetin  molecule  were  not  accompanied  by  any  other  changes 
in  its  structnre;  in  particular,  the  spatial  configuration  should  remain  unchanged  in  all  cases.  In  connection  with 
this  we  developed  in  1952-1953  two  general  methods  for  the  synthesis  of  Chloromycetin  analogs  of  Type  ( II) , 
possessing  the  same  configuration  as  Chloromycetin  itself.  With  the  aid  of  these  methods  we  synthesized  a  num¬ 
ber  of  analogs  of  this  type  [14-16],  and  then  we  studied  the  degree  of  their  antimicrobial  activity  with  respect 
to  typical  gram -positive  and  gram -negative  bacteria.  In  most  cases  the  synthesis  of  the  various  N-acyl  analogs 
of  Chloromycetin  of  Type  ( III)  failed  to  present  any  special  difficulties  ( see  EXPERIMENTAL) ,  since  based  on 


*By  error  the  English  Investigators  constructed  a  Stewart  model,  not  of  Chloromycetin  Itself,  but  instead  of  its 
erythro  isomer,  and  their  evaluation  of  the  biological  properties  of  Chloromycetin  was  based  on  the  specific 
characteristics  shown  by  this  model. 

*  *The  cis -conformation  of  Chloromycetin  was  shown  by  Fodor  and  coworkers  [12]. 

*  *  *The  specific  arrangement  of  the  acetamido  and Byd'raiyl  groups  in  the  bromamphenicol  crystal  was  first 
shown  by  Dunitz  [13]. 

*  **  *The  above-mentioned  English  investigators  [5]  only  emphasized  that  the  dichloroacetyl  residue  shows  high 
specificity  and  cannot  suffer  any  changes.  As  regards  the  less  specific  p-nitrophenyl  radical,  then  due  to  the 
presence  of  a  polar  nitro  group  the  latter  should  fulfill,  in  their  opinion,  the  role  of  an  "anchor",  holding  the 
Chloromycetin  molecule  to  the  protein  surface  of  the  enzyme.  Both  of  these  statements  are  wrong.  The  first 
one  contradicts  the  data  on  the  considerable  activity  shown  by  certain  analogs  of  Chloromycetin  when  the  N-acyl 
residue  is  changed  ([2]  and  below).  The  second  statement  is  not  true  for  the  reason  that  the  antimicrobial  ac¬ 
tivity  of  Chloromycetin  was  found  to  depend,  not  oa  the  local  polarity  of  the  nitro  group,  but  instead  on  its  polar¬ 
izing  action  on  the  aliphatic  chain  of  the  molecule  ( see  below) . 
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Fig.  1. 


the  mctliods  [2]  described  in  the  literature  the  acylation  of  D-threo-l-r  p-nitrophenyl)  -2-amino-l, 3-propane¬ 
diol  is  run  under  conditions  that  exclude  the  possibility  of  either  inversion  or  racemization.  The  Chloromycetin 
analogs  tliat  we  obtained  in  this  manner  were  also  subjected  to  microbiological  testing. 
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The  data  given  in  the  table  on  the  degree  of  antimicrobial  activity  shown  by  the  (II)  type  of  Chloromy¬ 
cetin  analogs  permit  arriving  at  the  conclusion  that  here  the  p-nitrophenyl  radical  shows  great  influence  on 
the  antimicrobial  activity  of  the  molecule,  both  in  view  of  its  electron  nature  and  also  due  to  the  possible  man¬ 
ifestation  of  its  polarizing  action.  At  the  same  time  the  geometric  dimensions  of  this  portion  of  the  molecule, 
in  contrast  to  the  aminopropanediol  grouping, fails  to  show  decisive  significance.  Actually,  it  was  revealed  that 
the  nitro  group  can  be  shifted  along  the  system  of  conjugated  multiple  bonds  without  essential  reduction  in  ac¬ 
tivity,  while  at  the  same  time  the  absence  of  this  conjugation  leads  to  either  slight  or  completely  inactive  an¬ 
alogs.  Thus,  for  example,  compounds  of  Type  ( II),  with  X  equal  to  either  p  -02NC6H4N=N  (No.  1)  or 
p -02NC6H4CH=N  (No.  2),  show  extremely  high  activity,  while  their  close  Chloromycetin  analogs,  but  devoid 
of  the  nitro  group  [II;  X  equal  to  either  C6H5N=N  ( No.  3)  or  C6H5CH=N  ( No.  4)].  and  also  ( II)  compounds 
with  X  =  p  -O2NC6H4CONH  (No.  5),  in  which  a  continuous  system  of  conjugated  multiple  bonds  is  absent  between 
the  nitro  group  and  the  aminopropanediol  chain,  are  active  only  to  slight  degree.  Also  characteristic  is  the  fact 
that  the  (II)  compound  with  X  =  m-02NC6H4N=N  (No.  6),  appearing  as  the  "meta-isomer"  analog  of  Chloromy¬ 
cetin  [17],  is  comparable  to  the  latter  in  the  vigor  of  its  antimicrobial  action. 

The  above  conclusion  as  to  the  character  of  the  influence  shown  by  the  p-nitrophenyl  residue  on  the  anti¬ 
microbial  activity  of  Chloromycetin  is  further  confirmed  by  the  results  obtained  in  the  biological  testing  of  a 
number  of  its  other  Type  ( II)  analogs.  Thus,  it  was  found  that  these  compounds  most  frequently  show  the  great¬ 
est  degree  of  loss  in  activity  with  lower  electron -acceptor  properties  possessed  by  substituent  X,  found  in  the 
p-position  of  the  benzene  ring ;  and  that  in  their  influence  on  the  antimicrobial  activity  these  substituents  can 
be  arranged  in  the  following  order;* 

NO2  >  CN  >  COOCH3  >  Cl  >  SC)2CH3  >  S02NH2, 

To  be  sure,  a  completely  satisfactory  parallelism  is  not  observed  here,  since  suppression  of  various  microorgan¬ 
isms  by  antibacterial  agents,  showing  at  the  same  time  both  comparable  and  different  properties,  should  proceed 
somewhat  differently;  for  example,  in  the  case  of  gram -negative  bacteria  the  groupings  CH3S  and  CH3O  prove 

•See  the  table  for  a  comparison  of  the  activity  shown  by  Chloromycetin  and  Cbmpounds  Nos.  7-11. 
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to  be  outside  the  presented  series  (see  [18,191  and  ti)mpound  No.  12).  Consequentl)^,  the  presented  series  is  to 
a  ceitain  degree  conditional,  although  the  general  tendency  noted  here  is  undoubtedly  valid. 

Finally,  it  seemed  extremely  probable  that  replacement  of  the  nitro  group  in  Chloromycetin  by  diverse 
ionogenic  groupings  would  lead  to  a  sliarp  change  in  the  antimicrobial  properties  of  the  substance,  due  to  the 
appearance  of  an  ionic  charge  in  th.-  rnolccnlo.  This  charge  should  strongly  change  the  capacity  of  the  sub¬ 
stance  to  be  absorbed  by  proteins,  and  in  this  way  also  change  its  ability  to  penetrate  through  biological  media 
and  attach  itself  to  speeilic  bacterial  enzymes.  The  results  of  studying  the  antimicrobial  properties  of  ilic  cor¬ 
responding  Type  (II)  analogs  of  Chloromycetin  cotnpletely  confirmed  this  postulation.  It  was  revealed  that  in¬ 
dependent  of  the  strength  and  character  of  the  polarizing  action  exerted  by  the  ionogenic  groupings,  their  re¬ 
placement  of  the  nitro  group  always  led  to  either  nearly  or  completely  inactive  compounds.  At  the  same  time 
the  elimination  for  the  latter  of  the  possibility  to  dissociate  into  ions  was  accompanied  in  most  cases  by  tbe 
appearance  of  variable  antimicrobial  activity.  For  example.  Type  (II)  compounds,  containing  X  =  COOH, 
SOjH,  SO3H,  ASO3II2,  OH  or  NHj  ( Nos.  13-18),  are  either  nearly  or  completely  inactive,  while  the  derivatives 
of  these  compounds,  having  X  =COOCH3,  SO2CH3,  SO^NHj,  OCH3  (Nos,  8,  10-12),  show  noticeable,  and  at 
times  even  considerable  activity.  Consequently,  the  entrance  of  ionogenic  groupings  is  always  accompanied 
by  destruction  of  tlie  specific  antimicrobial  properties  shown  by  analogs  of  Chloromycetin,  •  The  appearance 
of  this  rule  permits  terminating  the  searches  being  made  to  find  highly  active  Chloromycetin  analogs  among 
compounds  containing  groupings  of  ionogenic  character. 


Fig.  2. 

We  will  now  pass  to  the  question  of  the  dependence  shown  by  the  antimicrobial  activity  of  Chloromycetin 
on  the  structure  of  its  N-dichloroacetyl  residue.  This  dependence  bears  a  more  complex  character  than  for  the 
case  of  the  p-nitrophenyl  radical,  since,  apparently,  the  acyl  residue  should  not  only  manifest  polarizing  influ¬ 
ence  ,  but  at  the  same  time  it  should  also  satisfy  certain  definite  geometric  requirements.  The  need  for  the 
presence  of  substituents  in  the  acyl  residue,  possessing  a  certain  optimum  polarity  value,  follows  from  the  high 
activity  shown  by  the  Type  (III)  analogs  of  Chloromycetin  with  R  =  either  ClIBrj  or  CHjCN  [20,21],  and  by  the 
sharply  lower  activity  shown  by  the  same  type  of  analogs  with  R  =  either  CCI3  or  CH3  (  see  Compound  No,  23,  and 
also  [21,22]).  At  the  same  time  the  high  activity  shown  by  Compound  ( III)  with  R  =C6H4CHCl2-p  is  evidence 
that  the  dichloromethyl  group,  similar  to  the  nitro  group,  can  be  shifted  along  the  system  of  conjugated  multiple 
bonds,  and  consequently  not  only  the  polarity,  but  also  the  polarizing  influence  exerted  by  the  dichloromethyl 
group,  is  important  for  the  molecule  to  manifest  antimicrobial  activity.  A  similar,  although  less  clear  picture 
is  also  observed  when  the  three  analogs  of  Type  (III)  with  R  =  CCl3,  CH=CHCCl3  or  CHjCHjCCls  (Nos.  23-25)- 
are  compared:  here  Compound  No.  24  shows  only  slightly  lower  activity  than  does  Compound  No.  23,  whereas 
when  compared  with  the  last  Compound  No.  25  it  already  shows  noticeably  less  activity.  However,  Compound 

•The  low  activity  shown  by  Type  (II)  compounds  with  X  =C6H5CH=N  (No.  4),  is  probably  due  to  the  ionogenic 
characteristics  of  the  substituents,  since  some  activity  shown  by  Type  ( II)  analogs  of  Chloromycetin  with  X 
equal  either  p-HOC6H4N=N  or  m,p-(  OjN)!  HO)C6H3N=N  (Nos.  21  and  22)  is  associated  with  the  tendency  shown 
by  these  compounds  to  exist  in  the  quinoid  form. 
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( III)  with  R  =  CH=CHCHCl2  ( No.  26)  proved  to  be  considerably  less  active  than  Chloromycetin,  although  the 
removal  of  the  dichloromethyl  residue  by  one  vinylene  group  should  have  failed  to  essentially  change  the  elec¬ 
tron  character  of  the  amide  grouping.*  Evidently,  compliance  with  some  sorttof  geometric  requisites,  essential 
on  the  basis  that  the  N-acyl  grouping  is  situated  in  direct  proximity  to  the  active  center  of  the  Chloromycetin 
molecule,  thus  assuring  its  addition  to  bacterial  enzymes  ,  fails  to  be  observed  in  this  case.  Apparently,  the  di- 
chlorocrotonyl  residue  proved  to  be  unsatisfactory  as  regards  its  geometric  dimensions  and  shapes,  either  due  to 
the  fact  that  it  functions  as  a  screen  for  this  active  center,  making  its  spatially  inaccessible  (see  Fig.  2),  or  for 
the  reason  that  it  changes  the  conformation  of  the  molecule,  in  this  way  depriving  the  aminopropanediol  group¬ 
ing  of  its  inherent  specificity  as  regards  reaction  with  the  peptide  groups  of  protein  molecules.  From  this  it  fol¬ 
lows  that  the  geometric  character  of  the  N-acyl  residue  is  no  less,  and  possibly  even  more  essential  than  its 
polarizing  influence. 

As  a  result,  the  Highly  selective  biological  action  shown  by  Chloromycetin  on  microbe  cells  is  simultanecus- 
ly  determined  by  three  factors:  1)  the  strong  polarizing  action  of  the  p-nitrophenyl  radical,  the  geometrical 
dimensions  of  which  fail  to  possess  essential  significance;  2)  the  strong  polarizing  action  of  the  dichloroacetyl 
residue,  which  at  the  same  time  should  also  satisfy  certain  definite  geometrical  requirements;  and  3)  the 
strictly  defined  geometric  dimensions  and  corresponding  conformation  of  the  aminopropanediol  grouping.  The 
polarizing  action  of  the  p-nitrophenyl  radical,  found  at  of  the  aliphatic  chain,  should  be  essentially  reflected 
in  the  electron  character  of  this  carben  atom  and  its  attached  hydroxyl  group,  whereas  the  polarizing  influence 
shown  by  the  dichloroacetyl  residue  will  first  of  all  be  sharply  expressed  relative  to  the  electron  character  of  the 
nitrogen  atom,  found  at  C*  of  the  chain,  in  which  connection  considerable  reduction  in  the  electron  density 
should  exist  in  both  cases.  The  coupling  of  these  characteristics  with  a  definite  spatial  proximity  and  availabil¬ 
ity  shown  by  the  acetamido  and  hydroxyl  groups  evidently  determines  the  strong  reactivity  shown  by  these  groups 
with  specific  peptide  groupings  of  certain  enzymes,  necessary  for  the  normal  metabolic  activities  of  microorgan¬ 
isms,  which  in  the  final  end  leads  to  disruption  of  the  exchange  processes  for  the  latter. 

To  the  extent  that  the  necessary  reduction  of  the  electron  density  for  the  N-  and  O-atoms  of  the  acetami¬ 
do  andliydroxyl  groups  can  be  achieved  to  varying  degree' as  the  result  of  the  polarizing  influence  exerted  by 
various  atoms  and  groupings,  the  relatively  slight  specificity  shown  by  the  p-nitrophenyl  and  dichloroacetyl  rad¬ 
icals,  which  in  some  cases  can  be  successfully  replaced  by  other  radicals  with  comparable  polarizing  action,  be¬ 
comes  understandable.  The  reason  is  also  clear  why  these  radicals  s’r.ini Id  not  contain  ionogenic  groir.ings,  since 
T’r..'  tr*.nsfor.uiatioh  of  a  polar' molecule  into  tlu;  icnic  state  (irrespective  of  ^viu.tlier  it  is  positive  or  negative) 
sharply  changes  its  .bility  to  tract  with  the  prctchi  I'.onstituents  of  enzymes,  le  -dihg  tc  u.r.s^.ecific  association 
with  {.rot(*ins  due  to  electrost  itic  interaction  i  f  th;.  ionic  cl'.arges.; 

It  is  hoped  that  the  theories  developed  here  on  the  reasons,  character  and  mechanism  of  disruption  shown 
by  Chloromycetin  on  the  normal  metabolic  exchange  processes  of  microbe  cells  will  facilitate  further  elucida¬ 
tion  of  this  whole  community  of  complex  and  multiphase  phenomena. 

EXPERIMENTAL 

Preparationof  D,L-threo-l-(  p-nitrophenyl)  -2-(  y,y,y-trichlorocrotonylamino)  -1,3-propanediol  ( 111,  R  = 

=  CH  =  CHCCI3) .  6  g  of  D,L-threo-l-(  p-nitrophenyl)  -2-amino-l, 3-propanediol,  7.2  g  methyl  ester  of  y,y,y- 
-trichlorocrotbnic  acid  [37]  and  4  ml  isoamyl  alcohol  were  heated  to  110*  and  after  solution  of  the  aminodiol 
precipitate,  this  temperature  was  held  for  5  minutes  more.  The  reaction  mass  was  dissolved  in  ethyl  acetate, 
washed  with  0.1  N  H2SO4  and  with  water.  From  the  sulfuric  acid  solution  was  separated  1.5  g  initial  aminodiol 
with  concentrated  NH3,and  after  treatment  with  charcoal  and  drying  over  Na2S04,  fractional  precipitation  with 
heptane  yielded  D,L-threo-l-(  p-nitrophenyl)  -2-(  y,y,y-trichlorocrotonylamino)  -1,3-propanediol  from  ethyl 
acetate  solution.  Yield  17®^.};  m.p.  165-166“  (  from  dichloroethane) . 

Found  C  40.65;  H  3.43.  CiaHiaOsNjCls.  Calculated  %  C  40.67;  H  3.39. 

Preparation  of  D,L-threo-l-(  p-nitrophenyl)  -2-(  y.y ,y  -trichlorobutyrylamino)  -1,3 -propanediol  ( III,  R  = 

=  CH2CH2CCI3) .  To  6  g  of  D,L-threo-l-(  p-nitrophenyl)  -2 -amino-1,3 -propanediol  in  350  ml  ether  and  190  ml 
0.5  N  KOH  was  added  with  shaking  in  the  course  of  10  minutes  a  solution  of  6.1  g  y,y,y -trichlorobutyryl  chlo¬ 
ride  in  15  ml  absolute  ether  (the  acid  chloride  was  prepared  by  heating  y,y,y-trichlorobutyric  acid  [38]  with 

♦It  should  be  mentioned  that  Compounds  Nos.  27  and  28  show  extremely  similar  activity,  due  to  isomerization 
of  the  second  compound  into  the  first  under  the  conditions  employed  in  the  microbiological  testing,  run  at  a 
solution  pH  above  7. 
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a  7 -fold  quantity  of  S(XJl2:  yield  70%,  b.p.  97®  at  40  mm  for  G  hours).  The  mixture  was  shaken  for  30  min¬ 
utes  more,  the  ethereal  solution  was  washed  with  0.1  N  H2S04  and  water,  dried  with  Na^SO.,  and  concentrated. 
Yield  of  D,L-threo-l-(  p-nitrophenyl)  -?-(  y,y,y-trichlorobutyrylamino)  -1,3 -propanediol  87%;  m.p,  116-117® 
( from  dichloroethane) . 

Found  %;  C  40.58;  H  3.94.  CuHisOgNjClj.  Calculated  %:  C  40.46;  H  3.89. 


TABLE 


Antibacterial  Activity  of  Chloromycetin  Analogs  • 


1 

1  Activity  relative  to  Chloromycetin  1 

t  , 

8 

1  Structure 

M 

1  ( in  mole%l  against 

Literature 

z 

S  C 

& 

cgr: 

o 

StaphylO’ 

coecut 

Bacterium 

eoli 

Bacillus 

suhtilis 

Vibrio 

fluorescens 

on  the 
synthesis 

on  the 
biologi- 

u 

1 

U 

cal  testing 

IChloromycetin  ( I) 
i  X  in  Formula  II 

D 

100 

100 

100 

100 

1 

-N=NC,H,NO,-  p 

D 

105 

<45 

105 

20 

ri.5i 

2 

-N=CHC,H,NO,p 

D 

<25 

<45 

25 

4 

I6| 

3 

— N=NC,H5 

D 

6 

2 

9 

2.5 

IG1 

4 

— N=-rCHC.H, 

D 

0.5 

1 

4 

1 

16] 

5 

-NHCOC,H,NO,- p 

D 

5 

2 

3 

0.7 

[16] 

6 

-N=NC,H,NO,-  m 

D 

39 

3.5 

35 

5 

16] 

7 

-CN 

D 

25 

95 

10 

10 

14,  16] 

[24,  26] 

24—26] 

8i 

i  -COOCH,  , 

D 

10 

17 

23 

45 

16] 

9 

—Cl 

D 

10 

20 

10 

4 

+  4.  18,  17] 

17,27] 

27—29] 

28] 

10 

-SOjCH, 

D 

11 

9 

4 

20 

16,  18,  30] 

18 

11 

— SO,NH, 

D 

11 

2 

2 

18 

16] 

12 

— OCH, 

D 

5.5 

45 

4.5 

10 

16,  19,  31] 

[19,  31] 

[32] 

13 

-COOH 

D 

<0.4 

<0.5 

<0.4 

0.05 

14,  15] 

14 

-SO,H 

D 

<0.2 

<0.2 

<0.1 

<0.1 

16] 

15 

— SOjNa 

D 

<0.5 

<0.1 

<0.3 

0.2 

16, 

D 

<0.2 

0.1 

<0.1 

0.1 

14,  15] 

^7 

-OH 

D 

<0.4 

1 

0.7 

0.4 

14,  15,  33] 

18 

-NH,  .  HCI 

D 

0.8 

8 

1 

0.8 

14,  15,  34] 

[3  5] 

19 

— NHCOCH, 

D 

0.5 

1 

<0.3 

0.2 

[16] 

20 

-NHCOC,H, 

D 

2.5 

1 

10 

2.5 

[16] 

21 

-N=NC,H,OH-  p 

-n=nc,h^no,xohV  iry: 

D 

6 

1.5 

9 

5 

[16] 

22 

D 

I  5 

<2 

14 

7 

[isj 

R  in  Formula  III 

23 

—0-1, 

DM 

8.5 

1.5 

10 

7 

[20,  21, 381 

[20,  21] 

24 

— CH=CHCCI, 

DM 

5.5 

<3 

4 

3 

25 

-CH,CH,CCI, 

DM 

4 

<0.8 

2.5 

1.1 

26 

-CH=CHCHCI, 

D 

8 

1.5 

5.5 

4.5 

27 

-CH=CHCHCI, 

DM 

4 

<2.5 

2.5 

2.5 

I 

28 

— CH,CH=CC1, 

DM 

6 

0.9 

4 

3.5 

1 

•The  antibacterial  activity  of  the  Chloromycetin  analogs  was  determined  by  the  method  of  serial  dilutions. 
-  The  nutrient  medium  was  beef-peptone  broth  with  pH  7. 2-7.4.  The  accuracy  of  the  determinations  was 
•  +25%. 

To  5  ml  of  the  nutrient  medium,  seeded  with  0.1  ml  of  a  suspension  of  a  24-hour  agar  culture  of  the 
microorganism  in  physiological  solution  (the  final  concentration  of  the  microbe  cells  in  the  seeded  med¬ 
ium  was  200,000  per  ml),  was  added  a  water  solution  of  the  studied  substance;  if  the  latter  showed  low 
antimicrobial  activity,  then  it  was  dissolved  directly  in  the  beef-peptone  broth.  Compounds  Nos.  1-6, 

14,  20  and  22-28  showed  insufficient  solubility  in  water;  consequently,  they  were  dissolved  in  alcohol, 
and  the  solution  was  diluted  with  either  water  or  the  broth  to  a  5%  alcohol  content.  The  control  experi¬ 
ments  with  Chloromycetin  revealed  that  such  an  alcohol  concentration  fails  to  either  influence  the  anti¬ 
bacterial  activity  value  possessed  by  the  substance  or  to  inhibit  the  growth  of  the  microbes. 

•  •  See  the  EXPERIMENTAL  porticm  of  this  paper. 
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Preparation  of  D-,L-  and  D,L-threo-l-(  p-nitrophenyl) -2-(  y.y -dichlorocrotonylamino) -1,3 -propanediol 
( III,  R  =  CH  =  CHCHClz)  ■  To  9  g  of  D-  or  L-threo-l-(  p-nitrophenyl)  -2-amino-l, 3 -propanediol  in  550  ml  ether 
and  275  ml  0.5  N  KOH  was  added  in  the  course  of  20  minutes  with  shaking  7.4  g  y  ,y-dichlorocrotonic  acid 
chloride,  dissolved  in  20  ml  absolute  ether  (the  acid  chloride  was  prepared  by  heating  y ,y -dichlorocrotonic 
acid*  with  a  5-fold  quantity  of  SOCI2:  yield  85%,  b.p.  79-81’  at  15  mm,  nff  1.5155).  Subsequent  treatment  of 
the  reaction  mass  was  carried  out  as  in  the  preceding  experiment.  In  absence  of  seeding,- the  substance  crystal¬ 
lized  only  with  great  difficulty.  Yield  70-75%, 

D-threo-l-(  p-nitrophenyl)  -2-(  y,y -dichlorocrotonylamino)  -1,3 -propanediol;  m.p,  84-85’  [from  mixture 
of  ethyl  acetate  and  dichloroethane  (1:5)],  [alo  -70.8’ (c  =9.6  in  acetone). 

Found  %:  €  44,58;  H  4.20.  Ci3Hi402N2Cl2.  Calculated  %:  €44.71;  H  4.04. 

L-threo-l-( p-nitrophenyl)  -2-(  y,y -dichlorocrotonylamino)  -1,3 -propanediol:  m.p.  84-85’,  [a]®  +67. G’ 

( c  =  10.0  in  acetone) .  Found  %:  €  44.85;  H  4,26. 

D,L-threo-l-(  p-nitrophenyl) -2-(  y.y -dichlorocrotonylamino) -1,3-propanediol  was  prepared  by  mixing 
the  D-  and  L-isomers  and  subsequent  recrystallization  from  a  mixture  of  ethyl  acetate  and  dichloroethane  (1:2), 
M.p.  144-145’,  Found  %:  €  45.01;  H  4,10. 

Preparation  and  properties  of  D,L-threo-l-(  p-hitrophenyl)  -2-(  y  ,y  -dichlorovinyl  acetamido)  -1,3-ptopane- 
diol  ( III;  R  =  CHjCH  =  €€1») . 

a)  Preparation.  To  a  solution  of  6  g  D,L-threo-l-(  p-nitrophenyl)  -2-amino-l, 3-propanediol  in  300  ml  an¬ 
hydrous  dioxane  with  stirring  and  at  a  temperature  not  exceeding  12-15’  was  added  in  the  course  of  30  minutes 

a  solution  of  2.45  g  y ,y -dichlorovinylacetyl  chloride  [39,40]  in  25  ml  dioxane.  The  mixture  was  stirred  for  30 
minutes  more,  filtered  and  concentrated  in  vacuum.  The  residue  was  dissolved  in  50  ml  ethyl  acetate,  washed 
with  0,1  N  H2SO4  and  20%  Na€l  solution,  dried  with  Na2S04.  the  ethyl  acetate  was  driven  off  in  vacuum,  the  re¬ 
maining  oil  was  dissolved  in  15  ml  hot  dichloroethane  and  seeded  upon  cooling  with  the  crystals  obtained  by 
rubbing  oil  with  dichloroethane  and  heptane  on  a  watch  glass.  Yield  of  hydrate  of  D,L-threo-l-(  p-nitrophenyl)  - 
-2-(  y.y -dichlorovinylacetamido) -1,3 -propanediol  88%;  m.p,  72-73’ (from  1:5  dichloroethane -ethyl  acetate 
mixture).  To  remove  the  water  of  crystallization,  the  substance  was  dried  at  100’  and  1  mm  to  constant  weight. 

Found  %:  €  42,67;  H  4.42;  N  7.89;  €119.40;  H2O  5.03.  €i3Hi405N2€l2.- HjO,  €alculated  %:  €42.51; 

H4.35:  N  7.62;  €119.34;  H2O  4.90, 

b)  Isomerization.  To  a  solution  of  0,2  g  D,L-threo-l-(  p-nitrophenyl)  -2-(  y.y -dichlorovinylacetamido)  - 
-1,3 -propanediol  in  1  ml  anhydrous  dioxane  was  added  2  drops  of  dry  triethylamine;  the  mixture  was  set  aside 
for  45  hours  and  evaporated  down  in  vacuum.  Yield  of  D,L-threo-l-(  p-nitrophenyl)  -2-(  y,y-dichlorocrotonyl- 
amino) -1,3 -propanediol  90%,  m.p.  144-145’ ( from  mixture  of  ethyl  acetate  and  dichloroethane). 

c)  Hydrolysis.  1.5  g  of  D.L-threo-l-(  p-nitrophenyl)  -2-(  y  ,y -dichlorovinylacetylamino)  -1,3 -propanediol 
and  15  ml  20%  H€1  were  boiled  for  2  hours,  cooled,  10  ml  water  was  added  and  this  was  followed  by  chloroform 
extraction.  After  evaporation  of  the  extract,  0,58  g  of  y  ,y -dichlorovinylacetic  acid  was  obtained;  yield  87%; 
m.p.42-43’  (  from  hexane) .  From  hydrochloric  acid  solution  concentrated  NH3  separated  out  0.83  g  D,L-threo- 
-l-(  p-nitrophenyl)  -2-amino-l, 3 -propanediol.  Yield  91%.  m.p.  142-144’  (from  water) , 

SUMMARY 

A  number  of  N-acyl  analogs  of  chlioromycetin  were  synthesized,  which  together  with  the  earlier  obtained 
p-substituted  n-threo-l-phenyl-2-dichloroacetamido-l, 3-propanediols  were  subjected  to  microbiological  test¬ 
ing  against  gram -positive  and  gram -negative  organisms.  On  the  basis  of  the  obtained  data  we  discussed  the  re¬ 
lationship  between  the  structure  and  the  antimicrobial  activity  of  Chloromycetin,  the  reasons  and  character  of 
influence  shown  by  the  individual  groupings  of  the  Chloromycetin  molecule  on  this  activity,  and  also  the  mech¬ 
anism  of  the  first  stages  for  the  reaction  of  Chloromycetin  with  bacterial  enzymes. 


•Two  y,y-dichlorocrotonic  acids  were  previously  described  in  the  literature:  with  m.p.  42-43*  [40]  and  with 
m.p.  100-101’  [41].  Recently  A.N.  Nesmeyanov  et  al.  [39]  showed  that  only  the  second  of  these  compounds  is 
y,y-dichlorocrotonic  acid,  since  the  first  is  an  isomer  of  y,y-dichlorovinylacetic  acid.  V/e  discovered  that  the 
y,y-dichlorobutyric  acid  described  in  literature  with  m.p.  103-104’  [42]  is  in  reality  y,y-dichlorocrotonic  acid 
( the  latter  and  its  amide  were  identified  by  mixed  melting  points  with  the  corresponding  substances,  prepared 
by  the  method  of  A.N.  Nesmeyanov  et  al.  [39]). 
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THE  SYNTHESIS  OF  D  I  HEX  Y  LFL  U  ORES  CEIN 


B.N.  Afanasyev  and  M.S.  Chernavlna 


Hexylresorcinol  ( 4-n-hexyl-l,3-dihydroxybenzene)  finds  extensive  use  in  medicine,  and  especially  in 
veterinary  practice,  as  one  of  the  more  active  anthelmintic  pteparaticms.  Phenols  show  the  ability  to  condense 
with  phthalic  anhydride,  forming  phthaleins,  which,  like  their  simplest  memben  phenol phthalein,  also  j»ove  ef¬ 
fective  in  both  human  and  animal  organisms. 

It  seemed  of  interest  to  us  to  obtain  from  hexylresorcinol  and  phthalic  anhydride  a  similar  condensation 
product  in  the  hopes  that  being  simultaneously  a  derivative  of  hexylresorcinol  and  phenolphthalein,  it  might 
show  higher  pharmacological  activity  than  the  latter. 

To  obtain  phthaleins  the  phenols  are  heated  with  phthalic  anhydride  at  120“  in  the  presence  of  water-re¬ 
moving  agents,  for  example  anhydrous  zinc  chloride  or  concentrated  sulfuric  acid.  Some  phenols,  in  particular 
resorcinol  and  its  substituted  derivatives,  condense  with  phthalic  anhydride  under  direct  heating  with  the  latter 
at  200“  in  the  absence  of  water -removing  agents. 

For  our  experiments  we  started  with  hexylresorcinol  of  pharmacopoeia  grade,  being  a  rose -colored  solid 
with  m.p.  67“.  Prior  to  condensation  it  was  recrystallized  from  benzene.  The  phthalic  anhydride  used  by  us 
was  of  the  highest  purity  with  m.p.  132“,  for  which  reason  it  was  not  purified  further. 

Stoichiometric  proportions  of  hexylresorcinol  and  phthalic  anhydride  were  heated  at  200“.  We  failed  to 
observe  the  formation  of  a  condensation  product  even  after  heating  the  mixture  for  several  hours.  Gases  with  a 
disagreeable  odor  were  evolved,  and  the  phthalic  anhydride  sublimed.  The  residue  was  a  hard  carbonaceous 
mass,  insoluble  in  the  usual  solvents.  In  our  opinion,  although  the  dihexylfluorescein  can  be  formed  under  the 
given  conditions  in  accord  with  the  reaction; 
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still  it  suffers  decomposition  at  200“. 

Gas  evolution  was  not  observed  when  0.3  g  of  phthalic  anhydride  and  0.8  g  of  hexylresorcinol  was  heated 
in  the  presence  of  anhydrous  zinc  chloride  at  110-120“.  On  cooling  a  dark  brown  mass  was  obtained,  which  dis¬ 
solved  in  alkali  with  a  bright  orange,  nearly  red  color  and  with  an  intensely  green  fluorescence.  Acidification 
of  the  alkaline  solution  gives  the  substance  as  a  precipitate  which  can  be  isolated.  This  substance  is  insoluble 
in  water,  and  is  slightly  soluble  in  alcdiol  and  benzene;  it  dissolves  in  concentrated  formic  acid  and  in  ether. 
Reddish-brown  crystals  with  m.p.  105“  are  obtained  after  recrystallization  from  ether.  Yield  0.73  g  ( lZ°lo), 
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Heating  of  hexylresorcinol  with  jAithalic  anhydride  at  110-120*  in  the  presence  of  concentrated  sulfuric 
acid  yields  the  same  product,  but  its  yield  is  raised  to  98%. 

Found  %:  C  76.55,  76.59;  H  7.34,  7.39.  C32H36O5.  Calculated  %:  C  76.77;  H  7.25. 

SUMMARY 

1.  The  condensation  of  hexylresorcinol  with  phthalic  anhydride  at  110-120®  in  the  presence  of  either 
anhydrous  zinc  chloride  or  concentrated  sulfuric  acid  gave  the  previously  unknown  dihexylfluorescein. 

2.  In  contrast  to  other  resorcinol  derivatives,  hexylresorcinol  fails  to  give  the  phthalein  when  heated  with 
phthalic  anhydride  at  200*  in  the  absence  of  water -removing  agents. 

Received  May  3,  1956.  Sverdlovsk  Rural  Economy  Institute 
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PREPARATION  OF  10 -VINYLACRIDONE 


B.I.  Mikhantyev  and  V.A.  Sklyarov 


lO-Alkylacridones  are  substitution  products  of  the  hydrogen  found  on  the  nitrogen  atom  in  acridones.  The 
best  known  of  the  10-alkylacridones  are  the  lO-rrtethylacridones.  The  first  member  of  this  series  was  first  ob¬ 
tained  by  Decker  [1]  in  1892  from  acridine.  This  synthesis  was  repeated  in  1899  [2],  and  in  1914  it  was  improved 
considerably  [3].  Further  improvement  of  the  Decker  method  permitted  achieving  a  good  quantitative  yield  [4], 
Some  of  the  derivatives  of  the  10-alkylacridones,  possessing  valuable  pharmaceutical  properties,  aroused  great 
interest  and  were  subsequently  studied  by  a  number  of  authors  [5],  The  10-ethylacridones  have  also  been  des¬ 
cribed,  but  they  have  been  studied  to  a  considerably  lesser  degree  [6]. 

We  prepared  lO-vinylacridone,  a  compound  not  described  in  the  literature.  Syntheses  in  this  directicm 
make  it  possible  to  obtain  a  number  of  previously  unknown  compounds. 


EXPERIMENTAL 


Preparation  of  10-vlnylacridone  (I).  11  g  acridone  ( jwepared  by  Graebe’s  method  [7])  dissolved  in  250  ml 
n-butyl  alcohol  or  in  150  ml  dioxane,  was  vinylated  in  a  1  liter  rotating  autoclave  by  the  method  of  A.E.  Fav- 
orsky  and  M.F.  Shostakovsky  [8]  at  180“  and  13  atm.  initial  pressure.  0.5  g  powdered  caustic  potash  was  added 
to  the  reaction  mixture  as  the  catalyst.  Vinylation  was  complete  after  4-5  hours.  When  n-butyl  alcc^iol  was 
used  as  solvent,  it  was  vinylated  together  with  acridone  and  gave  an  almost  theoretical  yield  of  vinyl  ether. 

Due  to  its  sparing  solubility  in  ethers,  10-vinylacridone  was  removed  from  the  autoclave  in  a  quite  pure  state. 

In  its  cmde  state  it  was  in  the  form  of  light -yellow  silky  crystals  with  m.p.  180“.  After  recrystallization  from 
benzene  or  alcohol,  the  pure  10-vinylacridone  had  m.p.  181.5“.  Yield  of  product  10.2  g  (92^o). 

Found  N  6.37.  CigHnON.  Calculated  <7o;  N  6.34. 


10-Vinylacridone  was  a  base,  very  readily  soluble  in  alcohol,  benzene,  dioxane  and  in  other  (xganic  sol¬ 
vents;  difficultly  soluble  in  ether.  Its  alcoholic  solutions  were  light-yellow  with  a  weak  violet  fluorescence. 

For  verification  of  structure  of  10-vinylacridone,  10-ethylacridone  (II)  was  prepared. 

o 
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^\/\ 

1  1  <■> 

1  I  1  l'"> 

1  1 

\/\/N/ 

s/\/ 
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N\ 

1 

CH=CH, 

CH,— CH, 

2  g  of  10-vinylacridone,  dissolved  in  100  ml  dioxane,  was  hydrogenated  in  the  presence  of  0.1  g  skeletal 
nickel.  Hydrogenation  was  carried  out  with  shaking  and  at  room  temperature  until  addition  of  the  calculated 
amount  of  hydrogen.  The  reaction  was  complete  after  4-5  hours.  After  separation  of  the  catalyst  from  the  re¬ 
action  mixture,  10-ethylacridone  crystallized  out  from  the  filtrate  upai  addition  of  water.  The  obtained  10- 
-ethylacridone  was  in  the  form  of  light-yellow  prismatic  crystals  with  m.p.  159*  [6].  After  multiple  recrystal¬ 
lizations  from  alcohol,  its  melting  point  remained  unchanged.  A  mixed  sample  gave  no  depression.  Yield  of 
product  1.9  g  (94%). 

Found  %;  N  6.34.  C15H13ON.  Calculated  %:  N  6.28. 
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10-Ethylacridone  was  a  base,  readily  soluble  in  alcohol,  dioxane,  benzene  and  in  other  organic  solvents. 

Its  solutions  were  light  yellow  with  a  strong  blue -violet  fluorescence. 

SUMMARY 

A  method  was  developed  for  the  preparation  of  lO-vinylacridone;  the  yield  of  product  was  close  to  the 
theoretical.  It  was  established  that  10-vinylacridone  can  be  easily  and  completely  reduced  to  10-ethylacridone. 
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STRUCTURE  AND  CHEMICAL  TRANSFORMATIONS  OF  ALKALI 


ORGANIC  COMPOUNDS  OF  ANILS 

II.  THE  TRANSFORMATIONS  OF  DISODIUM  AND  DILITHIUM  COMPOUNDS  OF  BENZOPHENONE- 
PHENYLIMIDE  UNDER  THE  INFLUENCE  OF  ALKYL  HALIDES  [1] 


B.M.  Mikhailov  and  K.N.  Kurdyumova 


According  to  Schlenk  and  Bergmann  [2],  the  reaction  of  methyl  iodide  with  disodium  benzophenonephenyl- 
imide  results  in  cleavage  of  the  metal  atoms  and  the  stvrting  anil  is  regenerated.  Our  study  revealed  that  the 
reaction  between  disodium  benzophenonephenyltmide  ( I)  and  methyl  iodide  proceeds  by  a  different  path.  It 
leads  to  the  formation  of  a  mixture  of  substances,  testifying  to  the  extremely  peculiar  and  complex  nature  of 
the  reaction  course.  The  reaction  products  were  shown  to  contain  phenylbenzhydrylamine,  formed  in  257o  yield 
when  the  metal  atoms  are  replaced  by  hydrogen,  and  proving  to  be  the  only  substance  present  in  which  the  anil 
skeleton  is  retained.  The  remaining  reaction  products  arise  as  the  result  of  a  parallel  process,  accompanied  by 
rupture  of  the  molecule  at  the  carbon -nitrogen  bond  and  leading  in  the  finally  to  the  formation  of  aniline  (in 
48% yield),  1,1-diphenylethylene  ( 18%)  and  2,2,3,3-tetraphenylbutane.  In  addition,  gaseous  substances  are  ob¬ 
tained  in  the  reaction  process,  consisting  mostly  of  methane  and  ethylene.  An  essential  characteristic  of  the  re¬ 
action  is  the  consumption  of  methyl  iodide,  consisting,  as  opposed  to  the  expected  amount  of  two  molecules,  of 
about  one  molecule  per  molecule  of  alkali  organic  compound ;  and  also  the  fact  that  only  roughly  half  of  the 
metal  is  converted  to  the  halide,  while  the  remaining  portion  of  the  metal,  after  the  reaction  mass  is  decomposed 
with  water,  appears  as  sodium  hydroxide. 

To  study  the  influence  of  the  nature  of  the  alkali  metal  and  of  the  halide  in  the  methyl  halide  on  the  re¬ 
action  course,  appearing  ,  for  example,  with  much  vigor  in  the  anthracene  series  of  dimetallic  derivatives  [3], 
we  studied  the  reaction  of  the  disodium  compound  of  benzophenonephenylimide  with  methyl  chloride,  and  of 
the  dilithium  compound  with  methyl  chloride  and  methyl  iodide.  Here  it  was  revealed  that  the  nature  of  the 
metal  and  of  the  halide  fail  to  exert  too  sharp  an  influence,  being  mainly  manifested  in  the  yields  of  phenylbenz¬ 
hydrylamine  and  in  the  formation  of  considerably  smaller  amounts  of  gaseous  hydrocarbons  (Table  1). 

The  influence  exerted  by  the  nature  of  the  radical  in  the  halide  compound  on  the  course  of  the  investigated 
process  was  studied  in  the  reactions  in  which  ethyl  iodide,  n-propyl  iodide  and  benzyl  chloride  were  used.  It 
was  revealed  that  the  basic  characteristics  prevailing  for  the  transformations  of  dimetallic  derivatives  of  the  ben- 
zophenone  anil  are  fully  retained  when  the  higher  halide  derivatives  are  used.  Specifically,  in  these  cases  also 
phenylbenzhydrylamine  and  aniline  are  obtained,  while  instead  of  1,1-diphenylethylene  the  corresponding  1,1- 
-diphenylpropylene  (from  C2H5I),  l,l-di|^enylbutylene  (from  n-CsHyl)  or  1,1,2-triphenylethylene  (from  benzyl 
chloride)  is  formed  ( Table  1) .  In  contrast  to  the  reaction  with  the  methyl  halide,  in  the  experiments  with  the 
higher  alkyl  and  aralkyl  halides  we  failed  to  observe  the  formation  of  dimeric  hydrocarbons,  similar  to  2,2,3,3- 
-  tetr  aphenyl  butane . 

It  should  be  mentioned  that  reduction  of  alkali-metal  organic  compounds  had  been  observed  by  us.  earlier 
in  the  reaction  between  the  alkali  organic  derivatives  of  9, 10 -dihydroanthracene  and  alkyl  halides,  and  that 
this  reaction  is  also  accompanied  by  gas  formation  [3  -4]. 

Our  experimental  data  permit  assuming  the  following  scheme  for  the  transformations  shown  by  disodium 
benzophenonephenylimide  under  the  influence  of  alkyl  and  aralkyl  halides.  At  the  base  of  this  scheme  lies  the 
principle  of  consecutive  entrance  of  the  metal  atoms  into  reaction  and  it  is  assumed,  in  accord  with  the  well- 
known  fact,  that  the  ionized  metal  atoms  show  a  greater  reactivity  than  do  the  covalently  bound  atoms,  and  con- 


899 


sequently  they  are  the  first  to  enter  Into  reaction.  The  dimetallic  complex  of  benzophenonephenylimide,  to 
which  Structure  (I)  is  assigned  [1],  is  reduced  in  the  first  reaction  stage;  the  ionized,  more  reactive  metal  atom 
being  replaced  here  by  hydrogen  to  form  the  monometallic  Compound  ( II) .  The  latter  then  suffers  a  double 
type  of  transformation.  It  is  partly  reduced  further  to  the  phenylbenzhydrylamine  ( III) ,  while  part  of  it  exchanges 
the  second  metal  atom  for  the  alkyl  group  and  simultaneously  decomposes  into  Radicals  (IV)  and  (V).  Depend¬ 
ing  on  its  structure,  the  hydrocarbon  Radical  ( IV)  either  completely  loses  its  hydrogen  and  is  transformed  into 
die  ethylene  hydrocarbon  ( Vll)  or,  in  addition,  suffers  dimerization  into  the  saturated  hydrocarbon  (VI)  ( 2, 2,3,3- 
-tetraphenylbutane  is  obtained  witii  CH3X).  Radical  (V)  is  transformed  into  aniline  (VIII). 
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To  the  extent  that  the  structure  of  dimetallic  compounds  of  anils  can  be  depicted  in  the  form  of  (IX), 
where  the  metal  atom  in  the  anion  is  covalently  bound  with  the  nitrogen  atom,  and  not  with  the  carbon,  it  is 
evident  that  an  alternate  scheme  for  the  transformations  of  dimetallic  compounds  of  anils  is  possible.  With  this 
alternate  scheme  the  reaction  of  methyl  iodide  with  ( IX)  yields  the  phenylbenzhydrylamine  ( III)  by  the  path 
of  consecutive  hydrogenolysis  of  both  metal  atoms  via  the  stage  of  forming  the  intermediate  monometallic  Com¬ 
pound  (X).  The  other  substances.  1,1-diphenylethylene,  2,2,3,3-tetraphenylbutane  and  aniline,  can  be  obtained 
by  the  hydrogenolysis  and  simultaneous  cleavage  at  the  C-N  bond  of  lithium  1,1-diphenylethylphenylamide  (XI), 
showing  parallel  origin  from  ( IX)  by  replacement  of  its  ionized  metal  atom  by  the  alkyl  radical. 

A  choice  between  the  two  indicated  methods  can  be  made  by  studying  the  transformations  of  the  mono¬ 
metallic  Compound  (XI)  under  the  influence  of  an  alkyl  halide.  For  this  purpose  we  obtained,  with  the  aid  of 
phenyllithium.  Compound  (XI)  from  1,1-diphenylethylphenylamine  and  investigated  its  behavior  toward  methyl 
iodide.  It  was  revealed  that  lithium  1,1-diphenylethylphenylamide  (XI)  under  the  influence  of  methyl  iodide 
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suffers  partial  reduction  to  1,1-diphenylethylphenylamine  (III)  (in  28% yield),  while  part  of  it  exchanges  its 
metal  for  the  methyl  group  and  at  the  same  time  suffers  decomposition  at  the  carbon -nitrogen  bond,  to  yield  as 
a  result  1,1-diphenylethylene  (54%),  2,2,3,3-tetraphenylbutane  and  methylaniline  (50%): 
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The  formation  of  methylanillne  ( and  not  aniline)  from  lithium  1,1-diphenylethylphenylamide  ( XI) 
serves  as  evidence  that  Gampound  ( XI)  fails  to  figure  as  an  Intermediate  product  in  the  transformations  shown 
by  tlie  dimetallic  compounds  of  benzophenonephenylimide. 

Consequently,  Structure  ( IX)  is  excluded  for  the  dimetallic  compounds  of  anils.  This  demonstrates  the 
validity  of  the  structural  Formula  ( I)  proposed  for  them  and  of  the  mechanism  ensuing  from  this  formula  few 
the  transformations  occurring  under  the  influence  of  alkyl  halides. 

EXPERIMENTAL 

All  operations  with  organometallic  compounds  were  carried  out  in  a  nitrogen  atmosphere. 

To  prepare  the  organometallic  compounds,  a  mixture  of  benzophenone  anil  ( 20  g,  0.077  mole) ,  metal 
( 0.18  mole  sodium  or  0.25  mole  lithium)  and  200  ml  ether  was  placed  in  a  bottle  with  beads  and  shaken  for 
60-70  hours.  On  completion  of  shaking,  the  bottle  was  connected  to  a  T-piece,  through  one  end  of  which  by 
means  of  a  dropping  funnel  was  added  an  ethereal  solution  of  the  halogen  compound;  the  other  end  was  con¬ 
nected  to  a  gasometer.  In  the  experiments  with  methyl  chloride  the  first  arm  of  the  T-piece  was  also  fitted 
with  a  tube,  reaching  almost  to  the  bottom  of  the  bottle,  through  which  passed  the  stream  of  alkyl  halide.  When 
the  reaction  was  complete,  the  reaction  mass  was  filtered  through  a  strainer  from  the  excess  of  metal,  washed 
with  water,  the  ethereal  solution  was  dried,  the  ether  was  driven  off  and  the  residue  was  treated  as  described 
below.  The  quantity  of  metal  in  the  form  of  hydroxide  and  halide  was  determined  in  the  aqueous  solution  by 
titration.  The  gaseous  products  were  analyzed  in  an  Orsat  apparatus. 

Reaction  of  methyl  iodide  with  disodium  benzophenonephenylimide.  To  a  suspension  of  the  organomet¬ 
allic  compound  was  slowly  added  an  ethereal  solution  of  methyl  iodide  ( 11.4  g)  and  heat  evolved,  gaseous 
products  were  liberated  and  the  reaction  mass  changed  from  dark -red  to  brown.  The  oily  residue  (  20  g)  ob¬ 
tained  from  the  ethereal  solution  was  treated  with  100  ml  20%  hydrochloric  acid  at  the  boil  under  reflux  for 
30  minutes.  The  reaction  mass  was  then  extracted  with  benzene,  the  insoluble  phenylbenzhydrylamine  hydro¬ 
chloride  was  filtered  off  and  the  benzene  solution  containing  hydrocarbons,  was  separated  from  the  hydrochloric 
acid  solution. 

Phenylbenzhydrylamine.  The  water -insoluble  hydrochloride  of  the  secondary  amine  was  washed  on  a  fil¬ 
ter  with  benzene  and  water  and  dried.  6.4  g  of  salt  formed  with  m.p.  188-190®.  From  methanol  the  salt  crys¬ 
tallized  in  the  form  of  colorless  fine  crystals  with  m.p.  189-190®.  Yield  25%.  The  amine,  separated  from  the 
salt,  was  distilled  and  crystallized  from  petroleum  ether.  B.p.  180-182®  ( 2  mm),  m.p.  56-57®. 

Found  %:  C  88.03;  H  6.77.  CJ9H17N.  Calculated  %:  C  87.98;  H  6.61. 

The  substance  gave  no  melting  point  depression  in  mixture  with  known  phenylbenzhydrylamine  ( m.p. 

57®) ,  prepared  by  hydrolysis  of  disodiumbenzophenonephenylimide  [5]. 

Aniline.  The  hydrochloric  acid  solution,  obtained  by  treatment  of  the  reaction  products  with  hydrochloric 
acid,  was  alkalized,  the  oil  was  extracted  with  benzene  and  distilled.  Yield  3.5  g  (48.2%)  aniline,  b.p.  54-55® 

( 2  mm) ,  df  1.021,  ng  1.5847. 

Found  %:  C  77.35;  H  7.98;  N  15.33.  CgHyN.  Calculated  %:  C  77.39;  H  7.58;  N  15.03. 

The  amine  hydrochloride  gave  no  depression  with  aniline  hydrochloride. 

1,1-Diphenylethylene.  The  solvent  was  driven  off  from  the  benzene  extract,  obtained  after  treatment  of 
the  reaction  products  with  hydrochloric  acid,  and  the  residue  was  fractionated.  Yield  2.6  g  ( 18.6%)  of  1,1-di- 
phenylethylene;  b.p.  102-105®  (2  mm),  d*®  1.0249,  n^  1.6084. 

Found  %:  C  93.28;  H  6.85.  C14H12.  Calculated  %;  C  93.29;  H  6.71. 

Oxidation  of  the  hydrocarbon  with  sodium  bichromate  yielded  benzophenone.  Bromination  of  the  hydro¬ 
carbon  yielded  l,l-diphenyl-2-bromoethylene  with  m.p.  40-41®  (a  mixed  sample  with  knoym  1,1 -diphenyl -2- 
-bromoethylene  [6]  gave  no  melting  point  depression) . 
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2, 2,3, 3 -Tetraphenylbutane.  The  residue  from  the  distillation  of  1,1'diphenylethylene  (2.5  g)  was  chroma¬ 
tographed  on  aluminum  oxide.  Benzene  and  petroleum  ether  served  as  solvents.  Yield  0.9  g  crystalline  substance, 
which  after  crystallization  from  alcohol  had  m.p.  126-127*.  According  to  literature  data,  2, 2,3,3 -tetraphenyl¬ 
butane  has  m.p.  127*  [7].  Yield  of  hydrocarbon  8^o. 

Found  %  C  93.05;  H  6.74.  CjgHis.  Calculated  C  93.18;  H  6.82. 

670  ml  gaseous  substances,  consisting  of  32%  methane,  62.5%  ethylene,  2.5%  ethane  and  2.5%  acetylene, 
were  obtained  in  the  experiment. 

The  experimental  results  on  the  reaction  of  alkyl  halides  with  dimetallic  compounds  of  benzophenone  anil 
are  given  in  the  table. 

1,1  -Diphenylethylphenylamine.  To  phenyllithium,  prepared  from  2.8  g  lithium,  31.4  g  bromobenzene  and 
100  ml  ether,  was  added  16.3  g  acetophenone  anil,  diluted  with  20  ml  ether.  After  boiling  for  6  hours,  the  re¬ 
action  mixture  was  treated  with  water,  the  solvent  was  driven  off  from  the  ethereal  layer  and  the  residue  was 
vacuum -distilled.  Yield  12.5  g  (55%)  of  1,1 -diphenylethylphenylamine  with  b.p.  195-197’  (4  mm)  in  the  form 
of  viscous  yellow  oil,  which  crystallized  upon  standing  (  m.p.  50-53*). 

Found  %;  C  87.60;  H  7.17.  C^HisN.  Calculated  %:  C  87.87;  H  7.0. 


TABLE 


Starting  substances  I 

Yield  ( in  %) 

Yield  of  gas 

Dimetallic  compound 

RX 

Phenyl - 
benzhy- 
drylamine 

1  aniline 

1 

(C6H5)jC  = 

=  CHR 

2,2,3.3- 

-tetraphen- 

ylbutane 

( in  ml) 

Disodiumbenzophenone-  1 

phenylimide 

Dilithiumbenzophenone  - 

1  CH3CI  i 

! 

32.6  j 

50.0 

1 

I  20.0* 

6.1 

194 

phenylimide 

CH3CI  j 

i  37.5 

52.6 

j  26.4* 

8.0 

31 

Ditto 

CH3I 

18.4 

50.9 

28.0*  j 

9.1 

124 

n 

Disodiumbenzophenone  - 

CjHjI 

22.8  i 

1 

i 

50.9 

! 

i 

45.3*  •  1 

■ 

36 

phenylimide 

CjHjI 

32.2  i 

[  50.9 

32.0*  • 

- 

91 

Ditto 

Dilithiumbenzophenone  - 

n-C3H7l 

35.3 

54.1 

35.3*  •• 

1 

1 

phenylimide 

CgHj-CHgCl 

t  15.2  i 

i  59.6  j 

I  55.7*  *•• 

'  - 

1 

1 

I 


•  1,1-Diphenylethylene. 

•  ’l.l-Diphenylpropylene;  m.p.  51-52* (literature  data  [8]  give  m.p.  52*).  Found  %:  C  93.08;  H  7.00. 

C15H14.  Calculated  %:  C  92.74;  H  7.26. 

•  ••l,l-Diphenyl-l-tutvme'j3.p.  120-123’ (2  mm),  di*  1.031,  n^  1.160.  Found  %:  C  91.79;  H  7.72.  CjeHie. 
Calculated  %:  C  92.25;  H  7.75. 

•  •  •  •1,1,2-Triphenylethylene,  m.p.  71-72’  ( literature  data  [9]  give  m.p.  72-73’) .  Found  %:  C  93.59;  H  6.55. 
CjqHis.  Calculated  %:  C  93.71;  H  6.29. 

The  amine  hydrochloride,  crystallized  from  a  chloroform -ether  mixture,  had  m.p.  190-191’  with  decomp¬ 
osition. 

Found  %:  N  4.53.  CioH,oNCl.  Calculated  %:  N  4.51. 

Reaction  of  methyl  iodide  with  lithium  1,1-diphenylethylphenylamide.  To  the  phenyllithium  prepared 
from  9.4  g  (0.06  mole)  bromobenzene,  0.9  g  lithium  and  50  ml  ether,  was  added  with  cooling  an  ethereal  solu¬ 
tion  of  10  g  (0.036  mole)  1,1-diphenylethylphenylamine.  The  reaction  went  with  evolution  of  heat,  the  reac¬ 
tion  mass  colored  dark-red. 

To  the  obtained  lithium  compound  of  1,1-diphenylethylphenylamine  was  added  with  ice -water  cooling  an 
ethereal  solution  of  methyl  iodide  ( 5.2  g).  The  brown  reaction  mass  was  set  aside  for  2  hours  and  then  treated 
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with  water.  Separation  of  the  reaction  products  was  carried  but  ty  the  method  used  in  the  experiments  with  the 
dimetalllc  derivatives.  Yield:  1)  3.1  g  (28%)  of  1,1-diphenylethylphenylamine  hydrochloride,  m.p.  190-191* 
(with  decomposition);  2)  3.5  g  (54.4%)  of  1,1-diphenylethylene,  b.p.  125-127* (  1  mm). 

Found  %:  C  92.92;  H  6.74.  CnHi,.  Calculated  %:  C  93.29;  H  6.71. 

3)  0.15  g  ( 1.1%)  2,2,3,3-tettaphenylbutane  (  m.p.  126-128*);  4)  2.5  g  (49.8%)  methylaniline  hydrochlo¬ 
ride  (m.p.  118-119°).  Picrate,  m.p.  142-143°  ( according  to  literature  data  m.p.  144.5*). 

Found  %;  N  16.87.  Ci3Hi,07N4.  Calculated  %:  N  16.65. 

SUMMARY 

1.  Dimetalllc  compounds  of  benzophenonejrfienylimide  suffer  a  series  of  consecutive  and  parallel  trans¬ 
formations  under  the  influence  of  either  alkyl  or  aralkyl  halides.  The  first  stage  of  reaction  consists  in  replace¬ 
ment  of  the  ionized  metal  atom  by  hydrogen  with  the  formation  of  a  monometallic  compound.  The  latter  is 
then  partially  converted  into  phenylbenzhydrylamine,  and  partially  exchanges  its  metal  atom  for  the  hydrocar¬ 
bon  radical,  at  the  same  time  decomposing  at  the  carbon-nitrogen  bond  with  the  formation  of  1,1-diphenylethyl¬ 
ene  hydrocarbons,  aniline  and  (when  a  methyl  halide  is  used)  2,2,3,3-tetraphenylbutane. 

2.  Lithium  1,1-diphenylethylphenylamide  under  the  Influence  of  methyl  iodide  is  partly  reduced  to  1,1- 
-dlphenylethylphenylamine,  and  partly  replaces  the  metal  by  the  methyl  group  with  simultaneous  decomposition 
at  the  carbon -nitrogen  bond,  in  which  connection  methylaniline,  1,1-diphenylethylene  and  2,2,3,3-tetraphenyl¬ 
butane  are  formed. 

The  transformations  shown  by  lithium  1,1-diphenylethylphenylamide  serve  as  proof  for  the  structure  pro¬ 
posed  for  the  dimetalllc  compounds  of  benzophenonej^enylimide  and  fa:  the  mechanism  of  their  transformations 
under  the  Influence  of  alkyl  halides. 
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THE  SYNTHESIS  OF  N -C  A  R  B  A  ZOL  E  PROPEN  E  OXIDE 

I.M.  Ezrielev  and  N.A.  Larin 


The  N-alkylcarbazoIes  (N-methyl-  and  N-ethylcarbazoles)  were  first  obtained  by  Graebe  in  1880  [1], 

At  the  present  time  a  large  number  of  quite  different  N-carbazole  derivatives  are  known  [2,3].  A  German  pat¬ 
ent  [4]  was  published  in  1915,  where,  in  searching  for  new  dyes  and  pharmaceuticals,  a  jM’oduct  is  described,  ob¬ 
tained  by  reacting  carbazole  with  epichlorohydrin  at  250-260“.  Nothing  is  given  in  the  patent  on  the  structure 
and  characteristic  constants  of  the  product.  The  substance  obtained  in  this  patent  is  a  dark  oil,  readily 
soluble  in  benzene  and  several  other  solvents.  It  is  not  disclosed  whether  the  oxide  ring  of  the  epichlorohydrin 
remained  untouched  in  the  reaction  or  whether  the  process  took  place  with  its  opening. 


Our  object  in  the  present  work  was  to  obtain  N-carbazolepropene  oxide,  i.e.,  a  compound  in  which  the 
oxide  ring  of  epichlorohydrin  is  retained  during  reaction.  To  synthesize  N-carbazolepropene  oxide  we  essential 
ly  used  the  method  of  Levy  [3],  used  by  him  to  synthesize  alkylcarbazoles,  i.e.,  we  reacted  the  proper  alkyl 
iodide  with  potassium  carbazole,  previously  obtained  by  the  fusion  of  carbazoie  with  potasnum  hydroxide; 


’  !  'i 

I  t  I. 

I 

NH 


NK 


4- 


KOH  — 4 


/ 


/\  \/ 

NK 


I 

NR 


HaO, 


Ki. 


However,  our  first  attempt  to  obtain  N-carbazolepropene  oxide  in  this  manner  proved  unsuccessful.  The 
reaction  is  exothermic,  for  which  reason  complete  tarring  of  the  product  occurred.  Subsequently  we  reduced 
the  concentration  of  the  reacting  components:  the  synthesis  was  run  in  a  neutral  solvent  (  either  ether  or  ben¬ 
zene).  Here  the  reaction  proceeded  smoothly, and  only  slight  self -heating  up  to  30-35“  was  observed. 


The  synthesis  of  N-carbazolepropene  oxide  proceeded  in  two  stages: 


/\ _ 

I  !  |h-KOH 

I 

NH 


CiCHa-CH - CHa 


/\ _ / 


HaO, 


/°\ 


KCI. 


N-CHa-CH — CHa 


! 


*R  is  alkyl,  aryl,  acetyl,  etc.  The  alkyl  bromides  and  chlorides  can  be  used  instead  of  the  alkyl  iodides. 
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EXPERIMENTAL 


Synthesis  of  potassium  carbazole.  In  an  iron  crucible  (40  ml)  was  placed  a  mixture  of  16.7  g  (  0.1  mole) 
carbazole  and  5.6  g  caustic  potash.  The  crucible  was  heated  to  220-250*  and  the  cover  was  loosely  closed; 
some  of  the  carbazole  sublimed.  A  brown  fusion  formed,  which  while  still  hot  was  poured  out  of  the  crucible; 
after  hardening,  this  fusion  was  tubbed  to  a  fine  yellow  powder  which  was  kept  in  a  hermetically  sealed  flask 
in  a  dry  and  dark  place. 

Condensation  of  potassium  carbazole  with  epichlorohydrin.  In  a  0.25  liter  flask  was  placed  a  solution  of 
30  ml  epichlorohydrin  in  100  ml  dry  benzene.  To  this  was  added  16-17  g  dry  potassium  carbazole  in  fine  por¬ 
tions.  This  operation  was  continued  for  40-45  minutes;  the  flask  was  often  shaken  during  this  and  from  time  to 
time  placed  in  cold  water  to  avoid  excessive  heating.  The  reaction  mixture  was  then  set  aside  for  15-20  hours 
and  then  30-50  ml  more  of  dry  benzene  was  added.  The  precipitate  of  potassium  chloride  which  formed  upon 
standing  was  sucked  off  on  a  Buechner  funnel  and  the  yellow  filtrate  was  washed  with  water  and  dried  over  CaCl2. 
The  benzene  filtrate  was  then  evaporated  down  in  a  porcelain  cup  on  a  sand  bath  and  after  removal  of  benzene 
and  unreacted  epichlorohydrin  in  this  manner,  the  residue  was  subjected  to  3 -fold  recrystallization  from  boiling 
alcohol.  The  product  with  m.p.  108-109*  was  collected.  Yield  of  product  was  24^0,  on  initial  carbazole. 

The  content  of  epoxyl  group  in  the  obtained  product  was  determined  by  Schrade’s  method  [5],  which  is 
based  on  the  fact  that  the  action  of  hydrochloric  acid  causes  the  3-membered  oxide  ring  to  open: 

HCl  +  RCHjCH  -  CH,  RCHjCH(  OH)  GHjCl. 

The  excess  of  hydrochloric  acid  was  titrated  with  alkali.  The  obtained  product  had  m.p.  108.5*. 

Found  C  80.62;  H  5.37;  N  ( Kjeldahl)  6.41;  epoxyl  group  19.21.  M  220.8.  C15H13ON.  Calculated 

C  80.68;  H  5.87;  N  6.28;  epoxyl  group  19.28.  M  223.1. 
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SYNTHESIS  AND  SEPARATION  OF  DIA  S  T  E  RE  OIS  OME  RIC 
r-ETHYL-6 -AMINOCAPRYLIC  ACIDS  AND  THEIR  DERIVATIVES 


V,  M,  Rodionov*and  V.  K.  Zvorykina 

N,  E.  Kozhevnikova  was  first  to  synthesize  y-ethyl-fl  -aminocapryllc  acid  by  the  Rodionov  reaction  [IJ. 
employing  the  condensation  of  a-ethylhexanal  with  malonic  acid  in  the  presence  of  alcoholic  NHj,  and  he 
described  it  as  a  compound  with  m.  p.  186-187*  [2], 

Since  the  starting  ethylhexanal  has  a  branched  chain  and  already  contains  an  asymmetrical  carbon  atom, 
while  its  conversion  into  the  6 -amino  acid  is  accompanied  by  the  appearance  of  a  second  asymmetric  center, 
it  was  natural  to  expect  that  two  diastereoisomers  would  be  formed: 


C4H9CH(C2H5)CH0  -4-  CH2(C00H)2  -h  NHa  -> 
-►  C4H9CH(C2H6)CH(NH2)CH2C00H. 


On  continuing  the  work  in  this  direction  we  were  able  to  actually  isolate  two  diastereoisomers  of  y  -ethyl- 
6-aminocaprylic  acid  and  to  find  a  method  for  their  separation.  The  first  isomer  (Aj)  has  m.  p.  199-201*  (with 
decomposition);  the  second  isomer  (Aj)  melts  with  decomposition  at  167*.  Isomer  Ai  is  quite  difficultly  soluble 
in  water,  it  crystallizes  well  and  is  rapidly  precipitated  when  its  solution  is  cooled;  isomer  A*  is  more  readily 
soluble,  easily  gives  supersaturated  solutions  and  when  recrystallized  it  deposits  from  solution  only  after  several 
hours,  and  sometimes  even  after  days,  crystallizing  with  a  large  bulk  of  solvent.  We  used  the  difference  in  the 
solubility  and  in  the  rate  of  crystallization  to  isolate  the  isomers  from  the  mixture  of  reaction  products.  The 
hydrochloride,  and  the  N-benzoyl-,  N-carbethoxy-  and  N-carbomethoxy-  derivatives  were  obtained  for  each 
isomer,  and  also  their  amides  and  esters.  For  isomer  Aj  the  ethyl  and  menthyl  esters  of  the  amino  acid  were 
obtained,  and  also  the  menthyl  ester  of  the  benzoyl  derivative.  By  employing  the  method  of  fractional  crystalli¬ 
zation  from  alcohol  and  toluene  we  were  able  to  separate  the  last  compound  into  two  isomers;  1)  m.  p.  111-112*, 
[a]^  -9.64*;  2)  m.  p.  82-83*,  [a]  p  —43*.  Saponification  of  these  two  isomers  gave  two  benzoyl  derivatives, 
with  m.  p.  134*,  [a]^  +8.2*  and  with  m.  p.  122-123*,  [ot]  p  —5*.  As  the  melting  point  values  and  angles  of 
rotation  show,  the  levorotatory  isomer  is  evidently  contaminated  with  the  dextrorotatory  isomer. 

EXPERIMENTAL 

Preparation  and  isolation  of  diastereoisomeric  y -ethyl-  B-aminocaprylic  acids  A^  and  A;.  In  preparing 
the  amino  acids  40  condensations  were  carried  out  and  each  time  20  g  of  a-ethylhexanal,  16  g  malonic  acid 
and  30  ml  8.5*70  alcoholic  ammonia* ‘solution  were  taken.  To  the  well  cooled  aldehyde  with  stirring  was 
gradually  added  an  alcoholic  solution  of  ammonia  and  then  malonic  acid  was  added  in  small  pcxrtions.  The 


•Deceased. 

*  *  In  carrying  out  the  experiments  it  was  noted  that  increase  of  the  quantity  of  reagents  lowered  the  yield. 
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reaction  mass  was  set  aside  for  0.5  hour  in  a  freezing  mixture  and  then  heated  under  reflux  for  2  hours  at 
70-80*  and  for  2  more  hours  on  a  boiling  water  bath.  The  residues  in  the  flasks  (yellow  viscous  transparent 
oil)  were  combined  and  treated  at  first  with  hot  water  (5  times  with  1-liter  portions)  and  then  with  12  °to  HCl 
(4  times  with  700 -ml  portions).  After  this  treatment,  372  g  yellow  viscous  oil  remained  which  contained  un¬ 
saturated  acid  and  was  not  investigated  further.  From  the  aqueous  extract,  evaporated  down  to  0.25  of  initial 
volume,  125  g  of  amino  acid  Aj  came  down,  m.  p.  189*.  Further  concentration  of  the  aqueous  solution  yielded 
a  viscous  light-yellow  syrup,  in  which,  upon  addition  of  concentrated  HCl,  a  solid  mass  of  hydrochlorides  of 
Aj  and  Aj  fcemed.  After  evaporation  of  the  hydrochloric  acid  extracts,  a  mixture  of  hydrochlorides  of  amino 
acids  Aj  and  Aj  also  separated  out  which  was  contaminated  with  traces  of  unsaturated  acid  ,  this  was  removed 
by  washing  the  precipitate  with  ether.  To  isolate  the  free  amino  acid,  to  the  suspension  of  combined  hydro¬ 
chlorides  in  500  ml  water  was  gradually  added  a  10*5^  solution  of  NaOH.  The  precipitate  of  hydrochlorides 
dissolved  and  at  pH  7.5  there  came  down  95  g  of  amino  acid  Aj  with  m.  p.  186-189*.  The  latter  was  added 
to  the  previously  obtained  portion  of  acid  Aj  and  after. two  recrystallizations  from  water,  165  g  of  amino 
acid  Aj  was  isolated  with  m.  p.  199-200*  (with  decomp.).  After  isolation  of  amino  acid  Aj,  there  again  came 
down  a  precipitate  from  the  weakly  alkaline  filtrate,  which  was  amino  acid  Aj.  It  was  recrystallized  3  times 
from  water  and  dried  at  100*.  Yield  146  g  of  amino  acid  A2  with  m,  p.  167*  (with  decomp.)  and  upon  addition 
of  concentrated  HCl  to  the  filtrates  from  recrystallization,  45  g  more  of  its  hydrochloride  was  obtained  with 
m.  p.  186-187*.  From  the  remaining  filtrates  was  isolated  174  g  mwe  of  a  mixture  of  hydrochlorides  of  amino 
acids  Ai  and  Aj.  Yield  of  mixture  of  isomers  was  about  50%.  The  separation  yielded  14.1%  diastereoisomer  Aj, 
15.6%  diastereoisomer  A|  and  15%  unseparated  mixture  of  hydrochlorides  of  A^  and  Ag.  Amino  acid  Aj  was  more 
difficultly  soluble  in  water  than  amino  acid  Aj.  It  immediately  came  down  upon  recrystallization  or  on  solution 
of  the  hydrochloride  in  10%  NaOH  and  acidification  with  acetic  acid.  Its  hydrochloride  came  down. upon  addi¬ 
tion  to  a  solution  of  concentrated  hydrochloric  acid. 

Amino  acid  A2  was  readily  soluble  in  water,  formed  supersaturated  solutions  and  came  down  very  slowly 
upon  recrystallization.  When  its  hydrochloride  was  dissolved  in  10%  NaOH  and  acidified  with  acetic  acid,  a 
precipitate  did  not  come  down.  The  hydrochloride  of  amino  acid  A2  was  soluble  in  water  more  sparingly  than 
was  the  hydrochloride  of  amino  acid  A^. 

Amino  acid  A^.  Found  %:  C  63.94  ,  63.99;  H  11.19,  11.12;  N  7.59,  7.44. 

Amino  acid  A2.  Found  %;  C  64.04,  63.93;  H  11.16,  11.14;  N  7.23,  7.27.  CjjH2iOiN.  Calculated  %; 

C  64.17;  H  11.23;  N  7.48. 

Preparation  of  hydrochlorides  of  y -ethyl-  6-aminocaprylic  acids  At  and  At.  When  15%  HCl  was  added 
to  the  amino  acid,  the  resulting  solution  was  transparent  and  from  it  almost  instantly  came  down  a  precipitate 
of  the  hydrochloride.  It  was  filtered  off,  washed  with  ether  and  dried  at  110*.  The  hydrochloride  of  amino 
acid  Aj  was  prepared  in  a  yield  of  92%,  m.  p,  192-193*;  the  hydrochloride  of  amino  acid  A2  was  obtained  in 
yield  of  86%,  m.  p.  186-187*.  A  mixture  of  the  hydrochlorides  melted  at  175-181*. 

Hydrochloride  of  Aj.  Found  %:  Cl  15.75;  N  6.70.  Hydrochloride  of  A2.  Found  %:  C  53.69,  53.58; 

H  9.94,  10.06;  N  6.38  ,  6.20;  Cl  16.01,  15.88.  CjoH220iNCl.  Calculated  %;  C  53.70;  H  9.84; 

N  6.26;  Cl  15.88. 

Preparation  of  ethyl  esters  of  y -ethyl-  6-(N-carbomethoxyamino)-caprylic  acids  Aj  and  A2.  The  car- 
bomethoxy  derivatives  were  prepared  in  the  usual  manner.  Yield  of  carbomethoxy  derivative  of  Aj  was  73.4%, 
m.  p.  75*.  Yield  <rf  carbomethoxy  derivative  of  A2  was  67%,  m.  p.  68.5-70*  (from  mixture  of  ethyl  and  pet¬ 
roleum  ethers).  A  mixture  of  carbomethoxy  derivatives  of  Aj  and  A2  had  m.  p.  54-62*.  To  prepare  the  esters, 
the  carbomethoxy  derivatives  were  heated  for  6  hours  with  10  ml  of  alcohol  and  4  ml  concentrated  H2SO4. 

Yield  of  ester  of  carbomethoxy  derivative  of  Aj  was  76%,  b.  p.  168-170*  at  8  mm,  m.  p.  47*.  Yield  of  ester 
of  carbomethoxy  derivative  of  A2  was  56.7%,  b.  p,  174-175*  at  9  mm,  m.  p.  38-39*.  A  mixture  of  esters  Aj 
and  A2  had  m.  p.  28*. 

Ester  of  Aj.  Found  %;  C  61.77,  61.81;  H  10.10,  10.10;  N  5.02,  5.03.  M  277,276.  Ester  of  A2. 

Found  %:  C  61.72,61.89;  H  9.60  ,  9.77;  N  5.18,5.09.  M  271,274.  C14H27O4N.  Calculated  %; 

C  61.53;  H  9.89;  N  5.12.  M  273. 
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Preparation  of  benzoyl  derivatives  of  y -ethyl-  B -aminocaprylic  acids  and  A^,  To  the  cooled  solu¬ 
tion  of  amino  acid  in  10%  solution  (3  moles  of  alkali  per  1  mole  of  acid)  was  added  drop-wise  benzoyl  chloride. 
The  precipitate  obtained  upon  acidification  was  boiled  3  times  with  water  and  recrystallized  from  aqueous 
solution;  the  melting  point  of  the  derivative  of  isomer  was  132*;  the  melting  point  of  the  derivative  of 
isomer  Aj  was  121*  (from  aqueous  alcohol).  Yield  80-85%. 

Derivative  of  isomer  Aj.  Found  %:  C  70.31,70.18;  H  8.72,  8.91;  N  4.93,4.99.  Derivative  of 

isomer  A2.  Found  %;  C  70.14  ,  69.99;  H  8.52,  8.68;  N  5.05,  5.25.  Ci^HjsC^N.  Calculated  %; 

C  70.10;  H  8.52;  N  4.81. 

Preparation  of  amides  of  benzoyl  derivatives  of  y -ethyl-  B -aminocaprylic  acids  A^  and  A^.  5  g  of 

benzoyl  derivative,  1.25  ml  SOClj  and  10  ml  dry  benzene  were  heated  at  40*  for  3-4  hours  and  then  300  ml 
absolute  ether  was  added  and  the  solution  was  saturated  with  NH3  upon  cooling.  The  precipitate  was  washed 
with  5%  NaOH  solution  ,  water. and  recrystallized  from  90-95%  methyl  alcohol.  The  derivative  of  Aj  had 
m.  p.  174-175*  (long  colorless  needles),  yield  76%.  The  derivative  of  A2  had  m.  p.  184-185*  (colorless  needles), 
yield  70%.  The  mixture  of  isomers  had  m.  p.  168-170*. 

Derivative  of  Aj.  Found  %;  C  70.24  ,  70.47;  H  8.58,  8.74;  N  9.81,  9,75.  Derivative  of  A2. 

Found  %:  C  70.39,  70.69;  H  8.58,  8.70;  N  9.65,9.76.  Ci7H260iN2.  Calculated  %:  C  70.34; 

H  8.96;  N  9.62. 

Preparation  of  ethyl  ester  of  y -ethyl-  6 -aminocaprylic  acid  A|.  5  g  amino  acid,  50  ml  ethyl  alcohol 

and  4  ml  concentrated  H2SO4  were  heated  for  8  hours  on  a  water  bath.  The  excess  of  alcohol  was  driven  off, 
the  residue  was  diluted  with  water,  the  alkalized  extract  was  washed  with  5%  NaHCOj  solution,  water,  and 
dried  with  NaSQ^.  The  ether  was  driven  off  and  the  residue  was  vacuum -distilled.  Yield  3.8  g  (66%),  b.  p. 
121-122*  at  4  mm. 

Found  %;  C  67.54;  H  11.68;  N  6.36,  6.29.  Ci2H250iN.  Calculated  %:  C  67.00;  H  11.63;  N  6.51. 

On  treatment  in  the  cold  with  a  5%  solution  of  NaOH,  the  ester  immediately  was  hydrolyzed  to  the  amino 
acid.  On  standing,  it  slowly  decomposed  with  evolution  of  NHj  and  formation  of  an  ester  of  an  unsaturated  acid. 

Preparation  of  menthyl  ester  of  y -ethyl-  B -aminocaprylic  acid  Ai.  5  g  of  amino  acid  and  2.2  ml  SOCI2 
were  heated  for  2  hours  at  40-43®  and  then  200  ml  absolute  ether  was  added  and,  drop-wise  with  cooling  and 
stirring,  4.2  g  menthol  in  50  ml  absolute  ether  was  added.  The  precipitate  of  hydrochloride  which  separated 
out  was  washed  with  ether,  treated  with  NaHCOj  solution  and  extracted  with  ether.  Yield  4.4  g  menthyl  ester 
with  b.  p.  189-190“  at  5  mm. 

Found  %:  C  73.63,  73.65;  H  12.33,12.50;  N  4.67,  4.57.  C2oHs90iN.  Calculated  %:  C  73.84; 

H  12.00;  N  4.30. 

An  attempt  to  separate  the  optically  active  isomers  by  fractionation  of  the  menthyl  ester  with  a  column 
at  3  mm  resulted  in  its  decomposition  with  evolution  of  NHj  and  formation  of  unsaturated  acid.  On  addition 
of  17%  HCl  to  the  ester,  its  hydrochloride  was  obtained  with  m,  p.  138-139*. 

Preparation  of  menthyl  ester  of  y -ethyl-  B-(N-benzoylamino)-caprylic  acid  A,.  15  g  of  benzoyl  de¬ 

rivative  was  heated  at  40*  with  3.75  ml  SOClj  at  first  without  solvent  and  then  200  ml  absolute  ether  was  added 
and  heating  was  continued  for  4  hours  more  at  the  boiling  point  of  the  solution.  Ether  and  excess  SOCI2  were 
driven  off  in  the  cold  in  vacuum  ;  to  the  residue  was  added  200  ml  absolute  ether,  and  .with  cooling,  10  g 
menthol  in  100  ml  absolute  ether  was  added  drop -wise  .  The  latter  was  distilled  off  and  the  unreacted  menthol 
was  driven  off  with  steam.  The  remaining  oil  was  dissolved  in  ether,  the  ethereal  solution  was  washed  with 
5%  NaOH  solution,  water,  and  dried  with  sulfate.  After  driving  off  the  solvent,  18.1  g  of  menthyl  ester 
was  obtained.  Upon  crystallization  first  from  toluene  and  then  from  aqueous  alcohol  (or  ether),  two  isomers 
were  isolated;  one  with  m.  p.  111-112*  (4.7  g)  [a]][5  -9.64*  (16.66%  solution  in  alcohol)  and  one  with  m,  p. 
82.83®  (5,6  g);  [a][)  — 43*(  15%  solution  in  alcohol):also  6  g  of  mixture  remained  with  m.  p.  76-101*.  The 
mixture  of  isolated  isomers  had  m.  p.  76-79*. 

Isomer  with  m.  p.  111-112*  .  Found  %;  C  76.03,75.87;  H  9.50,  9.51;  N  3.69,  3.54.  Isomer  with 

m.  p.  82-83®.  Found  %:  C  75.58,75.74;  H  10,40,  10.29;  N  3.80,  3.87.  C„H25CiN.  Calculated  %; 

C  75.70;  H  9.81;  N  3.49. 
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Saponification  of  3  g  of  ester  with  m.  p.  111-112*  with  NaOH  solution  yielded  1.85  g  of  benzene  de¬ 
rivative  with  m.  p.  133-134*;  [a]^  +8.2* (10%  solution  in  alcohol). 

Saponification  of  3  g  of  ester  with  m.  p.  82-83*  yielded  1.92  g  of  benzene  derivative  with  m.  p. 
122-123*';  [tOu.  ■*5*  .j^dliitiOh  ill  alcoliol).  ’ 

SUMMARY 

Two  diastereoisomers  (Aj  and  Aj)  of  y -ethyl-  8 -aminocaprylic  acid  were  obtained,  and  also  their 
hydrochlorides,  N-acyl  derivatives,  amides  and  esters. 

The  fractional  crystallization  of  the  menthyl  ester  of  y -ethyl-  6-(N-benzoylamino)  caprylic  acid  Aj 
gave  two  isomers,  the  saponification  of  which  yielded  two  optically  active  forms  of  y -ethyl-  8 -(N -benzoyl- 
amino)  caprylic  acid. 
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SYNTHESIS  OF  THIAZOLE  DERIVATIVES 


XI.  SOME  NEW  HYDRAZINES  OF  THE  BE  N  Z  OT  HI  A  Z  OLE  SERIES 

V.  M.  Zubarovsky 


Of  the  antitubercular  compounds  known  at  the  present  time  the  hydrazides  of  heterocyclic  acids  and  the 
thiosemicarbazones  of  aromatic  and  heterocyclic  aldehydes  show  the  greatest  activity.  The  structure  of  these 
compounds  permits  regarding  them  as  hydrazine  derivatives.  In  any  case  their  antitubercular  activity  is  de¬ 
finitely  associated  with  the  presence  of  the  elements  of  the  hydrazine  structure  in  their  molecules.  From  this 
viewpoint  the  synthesis  of  hydrazines  of  the  heterocyclic  series  and  a  study  of  their  antitubercular  properties 
deserve  attention. 

The  hydrazines  of  the  benzothiazole  series  were  the  subject  of  the  present  study.  The  derivatives  of  2- 
benzothiazolylhydrazine  (I)  appear  as  known  hydrazines  of  this  series.  6-BenzothiazoIyIhydrazine  (II)  has  also 
been  synthesized,  but  none  of  its  substituted  derivatives  have  been  prepared. 


^ 

HjN-HN-,/^ - S 

(I) 

(II) 

Other  benzothiazolylhydrazines  with  the  hydrazino  group  found  in  various  positions  in  the  benzene  ring  of 
benzothiazole  or  in  the  side  chain  are  unknown.  In  this  communication  we  describe  the  synthesis  of  several  new 
benzothiazolylhydrazines. 

We  described  2-bromomethylbenzothiazoIe  [1]  and  2-chloromethylbenzothiazole  [2]  in  previous  studies. 

Both  of  these  halide  derivatives  can  serve  as  starting  products  for  the  synthesis  of  2-benzothiazolyImethylhydrazine 

(HI); 


s 

(in) 

(IV) 

However,  it  is  more  convenient  to  use  the  more  readily  available  2-chloromethylbenzothiazole,  in  the 
synthesis  of  which  we  have  now  introduced  changes,  permitting  its  immediate  preparation  in  large  amounts.  The 
heating  of  2-chloromethylbenzothiazole  with  hydrazine  hydrate  in  alcohol  medium  yields  hydrazine  (III),  Under 
similar  conditions  2-chloromethyl-6-nitrobenzothiazole,  in  which  the  chlorine  atom  shows  a  more  labile  character. 
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yields  the  disubstituted  symmetrical  bis  (6-nitro-2-benzothiazolylmethyl)  hydrazine  (IV). 

The  various  5-  and  6-hydrazinobenzothiazoles  were  synthesized  by  a  general  method  —  the  reduction  of 
5-benzothiazolyl-  and  6-benzothiazolyldiazonium  chlorides  with  stannous  chloride; 


The  benzothiazolylhydrazines  (V-IX)  were  obtained  by  the  same  method; 


HoN-Hn/^^^N 


n-i 


(V)  R=:H 

(VI)  R  =  CH, 


HjN-NH 

\/\. 


\/\N^ 


-R 


R  =  CH, 

R  =  CHjOH 
R  =  SCH, 


The  symmetrical  disubstituted  hydrazine  (IV)  is  a  high  melting  yellow  substance,  insoluble  in  most  organic 
liquids.  All  of  the  remaining  new  benzothiazolylhydrazines  are  colorless  crystalline  substances,  melting  without 
decomposition,  and  showing  in  the  pure  state  a  hardly  perceptible  odor,  reminiscent  of  the  odor  of  phenylhydrazine; 
all  of  them  are  readily  soluble  in  dilute  mineral  and  organic  acids,  show  considerable  solubility  in  water  and  in 
most  organic  liquids  when  heated,  but  are  insoluble  or  poorly  soluble  in  ethyl  and  petroleum  ethers.  The  benzo¬ 
thiazolylhydrazines,  characterized  by  a  greater  solubility  in  water,  reduce  Fehling  reagent  in  the  cold,  and  the 
others  —  when  heated. 

With  acetic  anhydride  the  benzothiazolylhydrazines  yield  monoacetyl  derivatives,  and  with  benzaldehyde 
-*  the  benzothiazolyl-substituted  hydrazones  of  benzaldehyde. 

The  benzothiazolylhydrazines  with  the  hydrazino  group  in  the  benzene  ring  are  substances  that  are  easily 
oxidized  and  altered.  When  stored  they  turn  dark  and  acquire  the  odor  of  benzothiazole  or  of  the  alkylbenzo- 
thiazoles;  their  acetyl  derivatives  and  hydrazones  show  complete  stability.  2-Benzothiazolylmethylhydrazine 
faik  to  show  change  when  stored. 

The  antitubercular  activity  of  the  new  benzothiazolylhydrazines  proved  to  be  low. 

EXPERIMENTAL 

1.  2-Chloromethylbenzothiazole.  When  2-chloromethylbenzothiazole  is  prepared  in  considerable  quantity 
by  the  reaction  of  2-benzothiazolylcarbinol  with  phosphorus  pentachloride,  this  reaction  is  violent  [1]  and  must 
be  carried  out  in  toluene  medium.  42  g  phosphorus  pentachloride,  rubbed  to  a  powder,  and  150  ml  dry  toluene 
were'  placed  in  a  3-necked  reactor,  fitted  with  reflux  condenser,  stiner  and  thermometer,  and  to  the  suspension 
was  immediately  added  30.0  g  2-benzothiazolylcarbinol.  Upon  stirring,  the  mixture  of  reagents  heated  up  due 
to  the  exothermal  reaction  and  became  liquid.  When  the  temperature  began  to  fall,  the  mixture  was  heated, 
and  stirring  was  continued  until  the  mixture  started  to  boil;  boiling  was  continued  for  15  minutes  until  a  light- 
brown  solution  formed.  Heating  was  stopped  and  the  hardening  mass  was  stirred  for  30  minutes  more  and  then 
pieces  of  ice  and  20*^  aqueous  soda  solution  was  added  until  the  reaction  was  alkaline.  The  reaction  mass  was 
carefully  stirred  and  the  toluene  layer  was  separated.  The  aqueous  layer  was  extracted  three  times  with  toluene 
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run  a  hot  solution  of  benzaldehyde  in  methanol  with  stirring.  Equimolar  quantities  of  reagents  were  used.  A 
precipitate  immediately  separated  out  which  was  filtered  off  from  the  still  warm  solution,  washed  with  water 
and  recrystallized  from  a  considerable  quantity  of  ethyl  alcohol.  After  twocrystallizations,  pale-yellow  crystals 
were  obtained  with  m.  p.  158*(corr.). 

3.  Symmetrical  bis-(6-nitro-2-benzothiazolylmethyl)  hydrazine  (IV).  To  2.3  g  6-nitro-2-chloromethyl- 
benzothiazole  was  added  a  solution  of  2.0  g  hydrazine  hydrate  in  2  ml  ethyl  alcohol.  When  the  exothermal 
reaction  was  complete,  the  mixture  was  heated  for  30  minutes  at  100*  and  after  cooling,  was  poured  in  water. 
The  reddish  light-brown  precipitate  was  filtered  off  and  washed  with  water,  warm  methanol  and  ether.  Yield 
1.57  g  (75*70).  The  substance  was  virtually  insoluble  in  most  organic  solvents.  It  was  recrystallized  twice  from 

a  large  quantity  of  acetophenone,  and  charcoal  was  used  during  the  first  crystallization.  Orange-yellow  fine 
crystals  were  obtained  with  decomposition  point  320*  in  sealed  capillary. 

Found  <70:  N  19.80.  Calculated  ^o:  N  20.19. 

4.  5-Benzothiazolylhydrazine  (V).  5-Aminobenzothiazole,  necessary  for  the  synthesis  of  hydrazine  (V), 
was  prepared  by  reduction  of  5-nitrobenzothiazole.  Reduction  of  the  latter  was  carried  out  by  Spieler  and  Priis 
[3]  who  prepared  the  double  stannic  and  hydrochloride  salts  of  5-aminobenzothiazole  and  its  acetyl  derivative 
but  did  not  describe  the  free  base.  The  acetyl  derivative  of  5-aminobenzothiazole  was  synthesized  previously 
by  Peticola  and  coworkers  [4],  which  also  did  not  isolate  5-aminobenzothiazole.  We  prepared  5-aminobenzo¬ 
thiazole  by  the  method  of  Spieler  and  Priis  in  the  form  of  the  double  stannic  salt  and  from  this  we  isolated  the 
base  by  the  usual  method.  The  salt  was  dissolved  with  mild  heating  in  a  10 -fold  quantity  of  water  and  to  the 
filtered  solution  was  added  20*70  caustic  soda  solution  until  solution  of  stannic  hydroxide.  The  white  precipitate 
of  5-aminobenzothiazole  was  filtered  off  and  washed  with  a  small  quantity  of  cooled  water.  Yield  of  amine 
73.3*7o,  m.  p.  78*  (corr.).  Upon  brief  boiling  of  a  concentrated  benzene  solution  of  equal  weights  5-amino¬ 
benzothiazole  and  acetic  anhydride,  the  acetyl  derivative  formed,  which  after  crystallization  from  alcohol 
(with  charcoal),  was  in  the  form  of  colorless  crystals  with  m.  p.  194*(corr.),  188-189*  [3],  191-192*  [4]. 
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1.5  g  of  5-aminobenzothiazole  was  dissolved  in  6  ml  dilute  (1;  1)  hydrochloric  acid  and  diazotized 
with  0,95  g  of  sodium  nitrite,  dissolved  in  3  ml  water  at  -3*  to  0*.  A  turbid  slightly  frothy  pink  solution 
formed,  which  gradually,  though  rapidly  if  possible,  at  a  temperature  not  exceeding  +8“  with  stirring,  was 
added  to  a  solution  of  5.25  g  stannic  chloride  in  6  ml  concentrated  hydrochloric  acid.  The  mixture  was  heated 
for  30  minutes  at  100*.  To  the  cooled  mixture  was  added  ice  (an  excess  of  ice  must  be  avoided  since  5-hydra- 
zinobenzothiazole  is  rather  soluble  in  water), and  then  a  20^/0  aqueous  solution  of  caustic  soda  until  solution  of 
stannic  hydroxide,  which  separated  out  upon  neutralization,  with  a  slight  excess.  The  precipitate  of  hydrazine 
was  filtered  off  and  recrystallized  (using  charcoal)  from  15  ml  water.  Yield  after  one  crystallization  0.85  g 
(51.5‘7&),  m.  p.  90-91*.  Upon  crystallization  from  a  large  quantity  of  ligroine,  colorless  needles  were  obtained, 
which  turned  pink  upon  mild  heating  or  simply  upon  passage  of  time;  the  odor  of  benzothiazole  also  became 
perceptible.  Washing  of  the  hydrazine  with  petroleum  ether,  in  which  it  was  soluble,  liberated  it  from  benzo¬ 
thiazole.  The  hydrazine  was  sparingly  soluble  in  ethyl  ether. 

Evidently,  due  to  readily  occurring  alteration  of  the  hydrazine,  the  determination  of  nitrogen  in  it  led 
to  low  figures;  23.70  instead  of  25.45*70,  calculated  for  C7H7NSS.  Therefore,  from  the  hydrazine  and  benzalde- 
hyde  we  prepared  the  hydrazone,  which  was  analyzed. 

5-Benzothiazolylhydrazone  of  benzaldehyde.  0.17  g  hydrazine,  5  ml  methyl  alcohol,  1  ml  glacial 
acetic  acid  and  0.5  ml  benzaldehyde  were  heated  to  the  boil  in  the  course  of  5  minutes.  To  the  hot  solution 
was  added  5  ml  water,  the  yellowish-white  crystals  of  the  hydrazone  which  came  down  were  filtered  off, 
washed  with  cooled  methanol  and  twice  recrystallized  from  ethyl  alcohol  (with  charcoal).  Yellowish-white 
flakes,  m.  p.  175*  (corr,). 

Found  <7o;  N  16.65,16.83.  Cj4Hj,N,S.  Calculated  <7o;  N  16.60. 

5.  2- Methyl-5 -benzothiazolylhydrazine  (VI).  2-Methyl-5-nitrobenzothiazole  was  prepared  by  the 
method  which  we  published  previously  [5]  and  was  reduced  to  the  corresponding  amine  by  means  of  tin  and 
hydrochloric  acid.  To  synthesize  hydrazine  (VI)  we  used  8.2  g  2-methyl-5-aminobenzothiazole  in  30  ml 
dilute  (1: 1)  hydrochloric  acid,  3.6  g  sodium  nitrite,  dissolved  in  15  ml  water,  and  a  solution  of  27.3  g  stannous 
chloride  in  29  ml  concentrated  hydrochloric  acid.  The  method  of  synthesis  differed  slightly  in  detail  from  the 
method  used  in  synthesizing  hydrazine  (V). 

Diazotization  was  carried  out  at  0*.  The  transparent  cooled  solution  of  diazonium  salt  was  added  drop- 
wise  to  a  solution  of  stannous  chloride  in  hydrochloric  acid  at  such  a  rate  that  the  temperature  of  the  mixture 
stayed  between  0  and  +5*.  On  completion  of  addition,  cooling  was  stopped  and  the  mixture  was  stirred  for 
30  minutes  and  then  was  heated  at  100*  for  30  minutes,  again  cooled,  mixed  with  ice  (200  g)  and  treated 
with  20%  aqueous  solution  of  caustic  soda  (225  ml).  The  yellow  precipitate  of  hydrazine  was  filtered  off  and 
carefully  washed  with  water.  The  moist  crude  hydrazine  had  to  be  immediately  purified:  the  hydrazine  was 
dissolved  in  50  ml  dilute  (1;  2)  hydrochloric  acid,  the  solution  was  heated  to  50*  and  decolorized  three  times 
(with  charcoal.  1.5,  1.0  and  1.0  g  portions)  and  then  was  shaken  with  charcoal  3  minutes  each  time.  To  the 
decolorized  solution  was  added  ice  and  ammonia.  The  white  crystalline  precipitate  of  hydrazine  was  filtered 
off  and  washed  with  water.  Yield  of  purified  hydrazine  (VI)  4.1  g  (45.8%).  After  crystallization  (with  charcoal) 
from  a  12-fold  quantity  of  methyl  alcohol,  the  hydrazine  was  in  the  form  of  colorless  needles,  m.  p.  159* 

(cor,^).  For  analysis,  the  hydrazine  was  again  washed  with  ether  (in  which  it  was  quite  soluble),  dried  in  vacuum 
at  75*  for  15  minutes  and  immediately  analyzed. 

Found  %:  N  23.58,  23.28.  CgHgNjS.  Calculated  %:  N  23.46. 

Multiple  crystallizations  from  methyl  alcohol  yielded  hydrazine  with  m.  p.  161*  (corr.). 

Acetyl  derivative.  1.8  g  of  2-methyl-5-benzothiazolylhydtazine  was  rapidly  stirred  with  2.5  ml  acetic 
anhydride.  In  a  short  time  a  transparent  solution  formed,  which  instantly  warmed  up  and  was  converted  to  a 
solid  mass.  20  ml  water  was  added,  the  acetyl  derivative  was  filtered  off,  washed  with  water  and  recrystallized 
from  a  10 -fold  quantity  of  dilute  (1 ;  2)  alcohol;  charcoal  was  used.  Yield  1.33  g  (60%).  After  two  crystalli¬ 
zations,  colorless  needles  were  obtained,  m.  p.  188*  (not  sharp). 

2- Methyl-5 -benzothiazolylhydrazone  of  benzaldehyde.  0.36  g  hydrazine  was  mixed  with  0.5  ml  ben¬ 
zaldehyde.  The  mass  was  heated  at  100*  for  15  minutes  and  the  crude  hydrazone  was  twice  crystallized  (with 
charcoal)  from  methyl  alcohol.  Yield  0.3  g,  m.  p.  160*.  Due  to  the  agreement  of  the  melting  points  of  the 
hydrazone  and  hydrazine,  from  which  it  was  obtained,  the  melting  point  of  the  mixture  of  the  tw'o  substances 
was  obtained,  it  was  132-137®. 
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6.  2-Methyl-6-‘benzothiazolylhydrazine  (VII).  Taken  for  synthesis  of  hydrazine  (VII):  9.84  g  2-niethyI- 
-6-aminobenzothiazoIe,  dissolved  in  35  ml  20%  hydrochloric  acid,  a  solution  of  4.3  g  sodium  nitrite  in  20  ml 
water  and  a  solution  of  33.8  g  stannous  chloride  in  35  ml  concentrated  hydrochloric  acid.  The  method  of  synthesis 
and  purification  of  the  hydrazine  was  the  same  as  described  in  Experiment  5.  Yield  of  impure  hydrazine  (VII) 

8.0  g  (73.2%),  m.  p.  145*.  After  two  more  crystallizations  from  methyl  alcohol,  colorless  needles  were  obtained 

with  m.  p.  149*  (corr.)»  '  .  . 

Found  %:  N  23.59,  23.68.  CgH^jS.  Calculated  %:  N  23.46.  • 

Acetyl  derivative  of  hydrazine  (VII)  was  prepared  in  yield  of  70%  in  the  same  manner  as  for  the  pre¬ 
paration  of  the  acetyl  derivative  of  hydrazine  (VI)  (Experiment  5).  After  four  crystallizations  from  dilute 
alcohol,  colorless  crystals  were  obtained  with  m.  p.  205*(corr.). 

Found  %:  S  14.42,  14.37.  CioHnONgS.  Calculated  %:  S  14.48. 

2-Methyl-6-benzothiazolylhydrazone  of  benzaldehyde  was  prepared  from  equimolar  quantities  of  hydrazine 
and  tenzaldehyde.  Benzaldehyde  was  added  to  the  hydrazine,  dissolved  in  a  3-fold  quantity  of  alcohol  and  the 
mixture  was  boiled.  The  hydrazone  that  separated  out  was  obtained  after  four  crystallizations  from  toluene 
(with  charcoal)  in  the  form  of  fine  yellowish  crystals  with  m.  p.  203*  (corr.). 

7.  2-Hydroxymethyl-6-benzothiazolylhydrazine  (VIII).  Taken  for  preparation  of  hydrazine  (VIII):  1.8  g 
6-amino-2-benzothiazolylcarbinol  [6]  dissolved  in  12  ml  dilute  (1: 1)  hydrochloric  acid,  0.83  g  sodium 
nitrite  dissolved  in  6  ml  water  .and  a  solution  of  7.0  g  stannic  chloride  in  8  ml  concentrated  hydrochloric 
acid.  The  method  of  synthesis  of  hydrazine  (V)  was  used.  The  yellowish-white  precipitate  of  crude  hydrazine 
was  filtered  off  and  washed  with  a  2%  aqueous  solution  of  caustic  soda  and  water.  The  hydrazine  was  recry¬ 
stallized  three  times  from  methyl  alcohol  (with  charcoal)—  colorless  needles  were  obtained  with  m.  p.  150* 
(corr.).  The  mixture  of  hydrazine  with  6-amino-2-benzothiazolylcarbinol  (m.  p.  151*)  had  m.  p.  113*. 

Analysis  of  the  hydrazine  for  nitrogen  gave  low  figures  and,  therefore,  the  hydrazone  was  analyzed. 

2-Hydroxymethyl-6-benzothiazolylhydrazone  of  benzaldehyde  formed  when  a  mixture  of  0.59  g  of 
hydrazine  (VIII),  0.5  ml  benzaldehyde,  0.5  ml  glacial  acetic  acid  and  8  ml  methyl  alcohol  was  boiled  for 
20  minutes.  The  hydrazone  came  down  even  during  boiling.  Yield  0.65  g.  After  three  crystallizations 
from  ethyl  alcohol  (with  charcoal),  the  obtained  hydrazone  had  m.  p.  200*  (corr.). 

Found  %:  S  11.39,  11.41.  CjsHuONjS.  Calculated  %:  S  11.31. 

8.  2-Methylmercapto-6-benzothiazolylhydrazine  (IX).  Taken  for  synthesis:  3.92  g  2-methylmercapto- 
-6-aminobenzothiazole,  which  was  dissolved  in  24  ml  dilute  (1: 1)  hydrochloric  acid,  a  solution  of  1.66  g 
sodium  nitrite  in  12  ml  water  and  a  solution  of  13.6  stannous  chloride  in  14  ml  concentrated  hydrochloric 
acid.  The  method  of  synthesis  and  purification  of  the  hydrazine  was  the  same  as  described  for  Experiments 

5  and  6  with  the  difference  that  after  pouring  the  diazo  solution  into  the  solution  of  stanilous  chloride,  the 
mixture  was  placed  in  boiling  water  for  10  minutes  in  all  and  then  the  clump  of  resin  that  had  formed  to¬ 
ward  completion  of  heating  was  removed  from  the  transparent  solution  and  the  hydrazine  separated  out  from 
the  latter.  Yield  of  impure  air-dried  hydrazine  3.0  g  (71%).  After  one  crystallization  from  a  15 -fold 
quantity  of  ethyl  alcohol,  the  hydrazine  was  obtained  in  the  form  of  white  fine  needles  with  m.  p.  115* 

(corr.). 

Found  %:  N  19.92  ,  20.14.  CgHgNjSj.  Calculated  %:  N  19.90. 

Upon  being  dried  in  air  in  the  light,  the  hydrazine  turned  pink  on  the  surface  due  to  its  sparing  solu¬ 
bility  in  water,  it  reduced  Fehling  solution  only  upon  heating. 

Acetyl  derivative.  0.53  g  of  2-methylmercapto-6-benzothiazolylhydrazine,  purified  by  precipitation 
with  ammonia  from  a  solution  of  its  hydrochloride,  was  mixed  with  2  ml  water  and  to  the  resulting  sluny 
was  immediately  added  acetic  anhydride  (2.5  g)  with  vigorous  mixing.  A  solution  formed,  from  which  a 
crystalline  precipitate  immediately  separated  out.  After  5  minutes,  an  excess  of  water  was  added  and  the 
acetyl  derivative  was  filtered  off.  After  2  crystallizations  (with  charcoal)  from  dilute  (1:2)  ethyl  alcohol, 
colorless  lustrous  crystals  were  obtained  with  m.  p.  190-192*  (corr.). 

Found  %:  N  16.56,  16.68.  CigHnONjSg.  Calculated  %:  N  16.60. 
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2-Methylmercapto-6-benzothiazolylhydrazone  of  benzaldehyde  was  prepared  by  boiling  a  mixture  of 
1.05  g  hydrazine  (IX),  20  ml  ethyl  alcohol,  5  ml  glacial  acetic  acid  and  0.8  g  benzaldehyde  for  30  minutes. 
The  solution  was  cooled  and  the  hydrazone  was  precipitated  by  addition  of  an  excess  of  water.  The  crude 
hydrazone  was  treated  with  10  ml  dilute  n  ;  50)  hydrochloric  acid  to  remove  possible  admixture  of  hydrazine. 
Yield  0.75  g  (50.4<yo).  After  2  crystallizations  (with  charcoal)  from  ethyl  alcohol,  lustrous  yellow  crystals 
were  obtained  with  m.  p.  149*  (corr.). 

Found  N  13.30;  S  21.45.  CijHuNjS,.  Calculated  N  14.04;  S  21.40. 

SUMMARY 

Some  new  hydrazines  of  the  benzothiazole  series  were  synthesized.  Treatment  of  2-chloromethyl- 
benzothiazole  and  6-nitro-2-chloromethylbenzothiazole  with  hydrazine  hydrate  gave  2-benzothiazolyl- 
methylhydrazine  and  bis  (6-nitro-2-benzothiazolylmethyl) hydrazine,  respectively.  Diazotization  of  the 
benzothiazolylamines,  followed  by  reduction  of  the  diazonium  salts  with  stannous  chloride  gave  5-benzo- 
thiazolyl-,  2-methyl-5-benzothiazolyl-!,  2-methyl-6-benzothiazolyl-,  2-hydroxymethyl-6-benzothiazolyl- 
a  nd  2  -  methy Ime  rcapto  -  6  -benzothi  azoly Ihydrazines. 

The  properties  of  these  hydrazines  were  described  and  their  derivatives  were  prepared. 
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CATALYTIC  AMINATION  OF  ORGANIC  COMPOUNDS 


IV.  CATALYTIC  AMINATION  OF  NITRO  COMPOUNDS  OF  THE  AROMATIC  SERIES 


N.S.  Kozlov  and  G.N,  Kozlov 


The  unsuccessful  attempts  made  to  introduce  mononitro  compounds  of  the  aromatic  series  into  reaction 
with  ammonia  have  created  the  essentially  incorrect  assumption  in  contemporary  organic  chemistry  that  it  is 
impossible  to  replace  the  nitro  group  in  these  compounds  by  the  amino  group.  Assumptions  of  this  nature  found 
expression  in  the  work  of  A.G.  Horst  [1],  in  which  the  author,  summarizing  the  experimental  facts 
known  up  to  then,  wrote:  "nitrobenzene  fails  to  react  under  heating  with  either  ammonia  or  with  sodium  alco- 
holate".  This  observation  refers  not  only  to  nitrobenzene,  but  also  to  the  mononitro  derivatives  of  benzene 
homologs  and  the  mononitro  derivatives  of  naphthalene.  Also  a  halogen  atom,  attached  to  a  carbon  atom  of 
the  benzene  ring,  is  chemically  extremely  passive  and  unreactive.  Only  under  special  conditions  -  elevated 
temperature,  high  pressure,  and  in  the  presence  of  suitable  catalysts  —  will  chlorobenzene,  for  example,  react 
with  ammonia,  being  transformed  into  aniline  [2], 

As  is  known,  A.N.  Engelhard!  and  P.A.  Lachinov  [3]  were  the  first  to  establish  that  the  chlorine  found  in 
aromatic  chloronitro  compounds  becomes  reactive  under  the  influence  of  the  nitro  group  and  is  capable  of  be¬ 
ing  replaced  by  the  amino  group.  Here  it  is  timely  to  mention  that  this  is  characteristic  only  for  the  o-  and 
p-chloronitrobenzenes.  In  m-nitrochlorobenzene  this  chlorine  atom  shows  the  same  inertness  as  in  chloroben¬ 
zene  itself:  m-chloronitrobenzene  fails  to  react  with  ammonia,  even  at  elevated  temperature  [4],  But  in  the 
work  of  N.N.  Vorozhtsov  and  V.A.  Kobelev  [5]  it  was  shown  that  the  reaction  of  m-chloronitrobenzene  with  am¬ 
monia  in  the  presence  of  cuprous  chloride  as  catalyst  can  yield  m-nitroaniline.  Consequently,  in  the  reaction 
of  0-,  m-  or  p-chloronitrobenzene  with  ammonia  the  chlorine  atom  enters  into  the  reaction,  while  the  nitro 
group  remains  unchanged. 

Aromatic  di-  and  polynitro  compounds,  having  a  greater  number  of  nitro  groups,  show  an  increase  in  their 
activity  and  in  their  capacity  for  substitution  reactions.  Thus,  the  o-  and  p-nitroanilines  can  be  obtained  by 
the  reaction  of  ammonia  with  the  o-  and  p-dinitrobenzenes,  respectively  [6].  It  is  also  interesting  to  mention 
that  attempts  to  replace  the  nitro  group  in  m -dinitrobenzene  by  the  amino  group  have  been  unsuccessful  [4]. 
Consequently,  here  also  definite  rules  are  observed  relative  to  the  influence  shown  by  substituents  in  the  benzene 
ring  on  the  chemical  properties  of  other  substituents. 

In  the  present  work  we  studied  the  catalytic  amination  of  aromatic  mononitro  compounds.  We  used  ac¬ 
tivated  aluminum  oxide  as  the  catalyst,  which,  as  is  known,  proved  to  be  an  extremely  active  catalyst  in  the 
replacement  of  the  hydroxyl  group  in  phenols  by  the  amino  group  [7,8].  Since  in  our  case  there  was  hardly  any 
reaction  with  ammonia  at  atmospheric  pressure,  we  introduced  ammonia  compressed  to  7-9  atmospheres  into 
the  reaction.  The  experiments  were  tun  in  a  flow  system  apparatus,  which  was  described  earlier  [7].  Our  ex¬ 
periments  revealed  that  under  the  investigated  conditions  it  is  possible  to  replace  the  nitro  group  in  mononitro 
derivatives  of  aromatic  compounds  by  the  amine  group.  We  obtained  aniline  from  nitrobenzene,  and  o-  and 
p-toluidine  from  o-  and  p-nitrotoluene,  respectively. 

The  presence  of  ammonium  nitrate  in  the  reaction  products  gives  basis  to  express  the  end  result  of  these 
reactions  by  the  following  equation: 

RNO2  +  NH3  =  R  -  NHj  +  HNOi  NH4NO2. 
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In  the  experiments  on  the  amination  of  the  o-  and  rn-chloronitrobenzencs  under  the  investigated  conditions 
it  was  established  that  these  compounds  are  converted  into  the  o-  and  m-chloroanilines.  Consequently,  in  con¬ 
trast  to  the  generally  accepted  theories  on  the  mobility  of  the  chlorine  atom  found  in  chloronitro  derivatives  of 
benzene,  under  our  studied  conditions  the  amino  group  replaces  the  nitro  group,  and  net  the  hlorine  ..tom.  But 
we  believe  that  the  possibility  of  replacing  the  chlorine  atom  found  in  chlcronitrobenzenes  by  the  amino  group 
is  not  excluded,  since  the  nitroanilines  and  diamines  that  are  formed  v/h;n  the  reaction  proceeds  in  this  manner 
show  decomposition  at  elevated  temperature.  It  is  entirely  possible  that  sot;:e  of  the  aniline  found  in  our  ex¬ 
periments  was  formed  as  the  result  of  decomposition. 

EXPERIMENTAL 

Experiment  1.  20  g  nitrobenzene  was  passed  at  the  rate  of  20  drops  per  minute  at  atmospheric  pressure  in 
a  stream  of  ammonia  over  aluminum  oxide,  heated  to  370*.  Yield  19  g  of  homogeneous  product,  which  proved 
to  be  virtually  unchanged  nitrobenzene.  The  presence  of  aniline  in  the  product  could  be  only  analytically  de¬ 
tected.  Consequently,  under  these  conditions,  replacement  of  the  nitro  group  by  the  amino  group  did  not  take 
place. 

Experiment  2.  20  g  nitrobenzene  was  aminated  but  in  contrast  to  the  preceding  experiment,  the  ammonia 
pressure  during  the  experiment  was  equal  to  8  atmospheres.  Yield  19  g  catalyzate,  which  consisted  of  two  layers 
-  a  lower  oily  layer,  which  consisted  of  the  main  mass  of  the  catalyzate  .and  an  upper  aqueous  layer.  The  cata¬ 
lyzate  was  treated  with  HCl  (1:3).  From  the  neutral  portion  was  separated  11  g  unchanged  nitrobenzene  and 
from  the  acid  portion,  after  alkalization,  was  isolated  5  g  amine,  which  distilled  in  the  range  180-182*.  This 
product  proved  to  be  pure  aniline:  np  1.6874,  dj®  1.023.  From  it  was  prepared  acetanilide  with  m.p.  113*. 

Yield  of  aniline  was  337o,  on  taken  and  71*70,  on  reacted,  nitrobenzene. 

When  amination  of  20  g  nitrobenzene  was  carried  out  under  these  conditions  but  at  a  rate  of  10  drops  per 
minute,  7  g  nitrobenzene  and  7.5  g  aniline  (50%,  on  taken  or  88.1%  on  reacted  .nitrobenzene)  were  obtained. 

Experiment  3.  Amination  of  20  g  o-nitrotoluene  was  carried  out  under  the  conditions  of  the  preceding  ex¬ 
periment.  The  rate  of  introduction  of  substance  on  the  catalyst  was  15  drops  per  minute.  From  the  catalyzate 
was  isolated  9  g  unchanged  o-nitrotoluene  and  4  g  o-toluidine  (25.5%,  on  taken  or  46.5%  on  reacted, o-nitro¬ 
toluene),  Resinification  of  the  catalyst  was  noted. 

Experiment  4.  Amination  of  20  g  p-nitrotoluene  was  carried  out  under  the  same  conditions  as  those  of  the 
preceding  experiment.  From  the  catalyzate  was  isolated  10  g  unchanged  p-nitrotoluene  and  5  g  p-toluidine 
with  m.p.  43*,  and  an  acetyl  derivative  with  m.p.  152*.  Yield  of  p-toluidine  35.4%,  on  taken  or  70.5%  on  re¬ 
acted  ,p  -nitrotoluene . 

Experiment  5.  Amination  of  20  g  o-chloronitrobenzene  was  carried  out  under  the  conditions  of  the  pre¬ 
ceding  experiment.  From  the  catalyzate  was  isolated  6  g  unchanged  o-chloronitrobenzene  and  3.5  g  amines, 
which  distilled  in  the  range  195-210*.  The  weight  of  the  catalyst  increased  by  6  g.  The  amines  obtained  from 
three  experiments  were  distilled;  fractions  were  separated  with  b.p.  180-182*  (0.5  g)  and  206-208*  (6  g).  The 
1st  fraction  proved  to  be  aniline,  which  was  confirmed  by  preparation  of  acetanilide.  The  product  with  b.p. 
206-208*  had  the  following  constants:  dj®  1.225,  np  1.5818;  it  proved  to  be  o-chloroaniline. 

Amination  of  20  g  m-chloronitrobenzene  was  carried  out  under  the  same  conditions.  From  the  amination 
products  was  isolated  6  g  unchanged  m-chloronitrobenzene  and  4  g  amines;  the  latter  distilled  in  the  range 
205-230*.  A  fraction  was  separated  with  b.p.  225-230*  (2.5  g),  dj®  1.225,  np  1.5890.  This  product  was  m-chlo- 
roaniline. 

a-Nitronaphthalene  was  aminated  under  the  same  conditions  but  the  yield  of  a-naphthylamine  was  quite 
negligible,  about  1  g  per  20  g  a -nitronaphthalene  taken  for  reaction.  A  strong  resinification  of  the  catalyst 
was  observed.  Upon  amination  of  m -dinitrobenzene,  there  was  marked  decomposition  of  the  products  and  a  small 
amount  of  m-nitroaniline  was  separated. 

It  is  important  to  note  that  after  completion  of  each  experiment,  a  deposit  of  crystals  of  inorganic  sub¬ 
stance  was  noted  in  the  lower  part  of  the  reaction  tube;  it  proved  to  be  ammonium  nitrite. 

SUMMARY 

The  catalytic  amination  of  mononitro  derivatives  of  aromatic  hydrocarbons  with  ammonia  compressed  to 
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9  at.a.  \/as  stuJiec]  in  the  itesence  cf  activated  alu.iiinura  oxide.  It  \;as  est.;blished  that  the  reaction  of  am¬ 
monia  with  nitrobenzene  yields  aniline,  with  o-  and  p-nitrotoluenes  -  the  o-  and  p-toluidincs,  and  with  o- 
and  m-chloronitrobenzenes  -  the  o-  and  m-  chloroanilines.  As  a  result,  a  new  method  was  discovered  for  re¬ 
placement  of  the  nitro  group  by  the  amino  group. 
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THE  PREPARATION  OF  ARYLSULFONYL  DERIVATIVES  OF  AMINO  ACIDS* 


L.N.  Nlkolenko 


In  connection  with  studying  the  reaction  of  arylsulfonylglycines  with  ammonia  it  became  necessary  for  us 
to  synthesize  some  members  of  this  group  of  compounds. 

As  is  known,  the  ary Isulfonyl amino  acids  can  be  obtained  by  three  methods:  reaction  of  the  arylsulfonyl 
chloride  with  amino  acids  [1,2],  saponification  of  the  nitriles  of  arylsulfonylamino  acids  [3,4],  and  alkylation  of 
the  sulfonamides  of  halocarboxylic  acids  [5,6], 

We  established  that  alkylation  of  the  arylsulfonamides  of  monochloroacetic  acid  in  the  presence  of  cal¬ 
cium  hydroxide  is  a  convenient  method  for  the  synthesis  of  arylsulfonylglycines  (Method  la).  As  a  rule,  the 
yields  are  satisfactory.  In  individual  cases  we  obtained  the  arylsulfonyl  derivatives  of  amino  acids  by  other 
methods,  described  in  the  literature:  alkylation  of  the  arylsulfonamides  of  monochloroacetic  acid  in  the  presence 
of  sodium  hydroxide  (Method  lb)  and  by  the  method  of  E.  Fischer  and  M.  Bergmann  (Method  II)  [7]. 

EXPERIMENTAL 

Experiment  1.  A  mixture  of  100  g  4-toluenesulfonamide  (m.p.  134-136°),  28  g  calcium  oxide  and  a  solu¬ 
tion  of  53  g  sodium  monochloroacetate  in  500  ml  water  was  heated  on  a  boiling  water  bath  for  16  hours  in  a  flask 
fitted  with  reflux  condenser  and  stirrer. 

After  separation  of  unreacted  amide  and  calcium  hydroxide,  4-toluenesulf(mylglycine  was  separated  out 
by  acidification  of  the  filtrate  with  hydrochloric  acid.  The  precipitate  was  separated  off,  washed  with  water  and 
dried  in  the  air. 

Experiment  2,  To  a  solution  (heated  to  95-97°)  of  50  g  phenylglycine  in  100  ml  15<7o  soda  solution  was  at 
first  added  110  g  4-toluenesulfochloride  and  then  200  ml  10<7i>  caustic  soda  solution  drop-wise  in  the  course  of  2 
hours.  After  stirring  for  4  hours  at  the  given  temperature,  the  reaction  mass  was  cooled  to  room  temperature 
and  4-  toluenesulfonyl-N -phenylglycine  was  separated  out  by  acidification  of  the  reactlan  mass  with  hydrochlo¬ 
ric  acid. 

The  experimental  results  on  the  synthesis  of  other  arylsulfonyl -substituted  amino  acids  are  given  in  the 

table. 


SUMMARY 

Tvgenty -three  arylsulfonyl  derivatives  of  amino  acids  were  synthesized,  of  which  17  are  new. 
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ORGANIC  INSECTOFUNGICIDES 

XX.  THE  SYNTHESIS  OF  MIXED  ESTERS  OF  THIOPHOSPHORIC  ACID 
CC»rrAIN32SlG  HETEROCYCLIC  RADICALS 

K.D.  Shvetsova -Shilovskaya,  N.N,  Melnikov  and  A.F.  Grapov 


In  recent  years,  together  with  organic  phosphorus  compounds  of  the  aliphatic  and  aromatic  series,  the 
mixed  esters  of  thiophosphoric  acid  with  heterocyclic  hydroxy  compounds  are  beginning  to  find  steadily  increas¬ 
ing  use  in  the  control  of  plant  parasites  and  various  harmful  insects  [1-3].  Of  the  compounds  included  in  this 
type  mention  should  first  be  made  of  the  esters  of  thiophosphoric  acid  with  methylhydroxycoumarin,  methylchlo- 
rohydroxycoumarin  and  some  of  the  heterocyclic  nitrogen  compounds  [4-6].  Methylisopropylpyrimidinyl  diethyl 
thiophosphate  under  the  name  of  Diazinon  received  quite  extensive  use  as  a  control  agent  for  flies  that  showed 
resistance  to  DDT  and  other  chlorinated  hydrocarbons  [7].  Quite  recently  a  number  of  studies  were  published  on 
the  insecticidal  properties  of  a  large  number  of  thiophosphoric  acid  esters,  containing  heterocyclic  radicals,  but 
information  on  their  physicochemical  properties  was  not  shown  [8,9].  The  patent  literature  contains  only  abridged 
information  on  tneir  possible  preparation  methods  [10].  In  addition,  this  group  of  compounds  shows  undoubted 
interest,  since  many  compounds  of  this  type  are  quite  active  insecticides  and  show  comparatively  low  toxicity 
for  warm-blooded  animals  [10]. 

In  connection  with  the  above  we  decided  to  study  the  synthesis  of  a  number  of  mixed  esters  of  thiophos¬ 
phoric  acid,  containing  heterocyclic  radicals.  We  first  synthesized  the  esters  of  thiophosphoric  acid  with  the 
pyrazolone,  pyrimidine  and  furan  rings  in  the  ester  molecule. 

The  pyrimidinyl  and  pyrazolyl  esters  of  thiophosphoric  acid  were  obtained  by  the  reaction  of  diethyl  chlo- 
rothiophosphate  with  the  potassium  derivative  of  the  corresponding  heterocyclic  compound  under  prolonged 
heating  in  toluene: 

(C2H50)2PSC1  +  ROK  -►  (CjH50)2P(S)0R, 
where  R  is  the  heterocyclic  radical. 

Furfuryl  diethyl  thiophosphate  was  synthesized  by  the  reactitxi  erf  furfuryl  alcohol  with  diethyl  chlorothio- 
phosphate  in  pyridine.  The  compounds  obtained  by  us  and  their  properties  are  given  in  the  table. 

All  of  the  compounds  synthesized  by  us  show  quite  high  insecticidal  activity,  but  several  are  inferior  to 
0,0-diethyl-0-4-nitrophenyl  thiophosphate  (thlophos). 

EXPERIMENTAL 

1,  Preparation  of  2-alkyl -4-methylpyrimidinyl-6-diethyl  thiophosphates  and  methylpyrazolyl  diethyl 
thiophosphates.  Preparation  of  mixed  esters  of  thiophosphoric  acid,  containing  pyrazolyl  and  pyrimidine  tings, 
was  carried  out  under  the  following  conditions:  a  mixture  of  0.038  mole  2-alkyl -4-methyl-6-pyrimidinone  (ot 
methylpyrazolone),  0.036  mole  potash  and  70  ml  toluene  was  heated  in  a  flask  with  reflux  condenser  and  mech¬ 
anical  stirrer  for  2  hours;  the  water  which  separated  out  was  driven  off  with  toluene.  After  driving  off  water,  to 
the  residue  was  added  7  g  (0.037  mole)  diethyl  chlorothiophosphate  and  the  resulting  mixture  was  boiled  for  20 
hours.  When  the  reaction  was  complete,  the  reaction  mixture  was  treated  with  20  ml  water;  the  water  was  sep¬ 
arated  off  and  the  toluene  solution  was  washed  several  times  with  new  portions  of  water.  The  wash  waters  were 
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Properties  of  Mixed  Esters  of  Thiophosphoric  Acid 


Formula 

Boiling  point, 

20 

1  Analysis  ioi  ?  {<^ 

_ 

•o 

.  4) 

>- 

pressure 
(in  mm) 

"D 

found 

calc. 

CHj-C-  — CH  s 

II  J  II 

N  C  -OP(OC,H,), 

H 

CH,-C^=— CH  S 

N  <5-Op!(OC,H,), 

27 

102—104  (0.08) 

1.4980 

1.0870 

1 

11.86 

11.97 

1 

12.38 

42 

125—126  (0.1) 

1.5572 

1.1773 

9.50 

946 

CH, 

N  CH  S 

CH,-i  1  -OP(OC,H,), 

25 

93—95  (0.13) 

1.5010 

1.1455 

11.31 

11.16 

11.13 

CH, 

■ 

N  CH  S 

,H.-i:  oJ{oc,Ht),  j 

1 

28 

87—92 

(0.06—0.07) 

1.4983 

i 

1.1350 

11.31 

11.52 

10.64 

CH, 

! 

^  ^H  S 

1 

1 

C,H,-I:  i!-OP(OC,H,), 

CH, 

1 

N  CH  S 

1  1  „ 

#io*CfH7— C  C—  OP(OCtH5)] 

34 

78  (0.05) 

1.4941 

1.1111 

9.% 
9.90  1 

10.13 

29 

85—90  •  (0.05) 

1.4922^ 

1.1088* 

10.23 

10.18 

10.13 

CH, 

N  CH  S 

1  II  II 

S=C  C-  0P(0C,H4), 

H 

9 

132-133  (0.3) 

1.5364 

1.1577 

9.94 

9.96 

10.54 

HC - CH  S 

hI!:  <!{-ch,o1^C)C,h,), 

10 

87-92(0.09-0.1) 

1.5001 

1.0820 

12.27 

12.25 

1 

12.39 

•From  the  literature:  b.p.  83-84*  at  0.002  mm,  1.4975,  d*®  1.116  [11]. 


extracted  with  benzene  and  the  benzene  extracts  were  combined  with  the  main  toluene  solution  of  the  substance. 
The  solvents  were  driven  off  on  a  water  bath  in  vacuum  and  the  residue  was  vacuum-distilled. 

2.  Preparation  of  furfuryl  diethyl  thiophosphate.  To  a  solution  of  5  g  furfuryl  alcohol  in  4  g  pyridine  and 
5  ml  benzene  was  added  10  g  diethyl  chlorothiophosphate  in  the  course  of  15  minutes  with  stirring  and  ice -water 
cooling.  After  addition  of  all  of  the  cited  quantity  of  diethyl  chlorothiophosphate,  the  reaction  mixture  was  held 
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at  room  temperature  for  40  minutes  and  was  heated  2  hours  more  on  a  water  bath.  When  the  reaction  was  com> 
plete,  to  the  cooled  mixture  was  added  20  ml  water.  The  aqueous  layer  was  extracted  with  benzene;  the  ben¬ 
zene  was  driven  off  in  vacuum  and  the  residue  was  distilled  at  a  residual  pressure  of  0.1  mm.  Yield  about  1.5  g. 


SUMMARY 

A  number  of  previously  unknown  mixed  esters  of  thiophosphoric  acid  were  synthesized,  containing  hetero' 
cyclic  radicals.  Most  of  the  thiophosphoric  acid  esters  synthesized  by  us  are  quite  active  insecticides,  but  sev¬ 
eral  are  inferior  to  thiophos. 
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THE  INTERACTION  OF  DIALKYLPHOSPHOROUS  ACIDS 
WITH  ALDEHYDES  AND  KETONES 

IX.  DI-TERT-(6’,e’,e’-TRICHLaiO)-BUTYL  ESTERS  OF  SUBSTITUTED 
a-HYDROXYMETHYLPHOSPHINIC  ACID 

V.S.  Abramov  and  V.K.  Khairullin 


It  was  previously  shown  that  dialkylphosphorous  acids  combine  at  the  carbon-oxygen  bond  of  the  carbonyl 
group  of  aldehydes  and  ketones,  and  a  scheme  for  this  reaction  was  put  forward  [1]. 

We  have  studied  the  reaction  of  acetone  chloroform  with  phosphorus  trichloride.  By  this  reaction  we  ob¬ 
tained  the  acid  chloride  of  di-tert-(6',6’,6’-trichloro)-butylphosphorous  acid  and  the  acid  —  well -formed  white 
crystals  with  m.p.  45-46", 

In  the  present  paper  we  describe  the  condensation  of  di-tert-(0 ’,6 ’,B '-ttichloro)-butylphosphorous  acid 
with  various  aldehydes  and  ketones,  for  which  purpose  equimolar  amounts  of  the  reactants  were  mixed.  Since  we 
were  dealing  with  a  solid  dialkylphosphorous  acid,  it  was  necessary  first  of  all  to  dissolve  the  acid  in  the  other 
component  or  to  conduct  the  reaction  in  a  neutral  solvent  if  the  second  component  was  a  solid,  as  in  the  case  of 
m-nitrobenzaldehyde. 

The  catalyst  was  a  freshly  prepared  saturated  solution  of  sodium  methoxide  in  methyl  alcdiol.  The  reac¬ 
tion  proceeds  violently  with  liberation  of  heat.  Di-tert-(6  ’,6  ',6  ’-trichlcM:o)-butyl  esters  of  substituted  a-hydroxy- 
methylphosphinic  acid  are  formed.  Data  for  these  reactions,  and  yields  and  constants  of  the  prepared  esters  are 
set  forth  in  Table  1, 

All  the  esters  prepared  are  white  crystalline  substances,  difficultly  soluble  in  water  but  soluble  in  common 
organic  solvents. 

When  some  components,  such  as  benzaldehyde,  were  mixed  with  the  acid,  we  observed  slight  heat  libera¬ 
tion.  The  product  started  to  crystallize  within  a  few  hours  when  the  reaction  mixture  was  stood  without  addition 
of  catalyst  at  room  temperature.  Special  experiments  on  the  reaction  of  di-tert-(6  *,6  *,0 '-trichloro)-butylphos- 
phorous  acid  with  some  aldehydes  and  ketones  in  the  absence  of  catalyst  showed  that  the  reaction  goes  slowly  and 
is  completed  after  a  Icmg  period  of  time  by  formation  of  a  dense  crystalline  mass.  The  progress  of  these  reactions 
is  detailed  in  Table  2, 

After  completion  of  our  investigation,  we  became  aware  of  an  American  study  [2]  which  showed  that  dial¬ 
kylphosphorous  acids  condense  with  chloral  without  a  catalyst;  the  reacticni  liberates  much  heat  and  water  cool¬ 
ing  is  necessary.  In  the  cases  that  we  studied,  however,  there  was  no  external  sign  of  reaction  (liberation  of  heat),  . 
and  the  formation  of  the  crystalline  di-tert-(S  *,0 ’,6*-trichloro)-butyl  ester  of  the  substimted  mediylphosphinic 
acid  was  cxily  observed  in  course  of  time. 

In  the  absence  of  catalyst  it  may  be  assumed  that  the  two  tautomeric  forms  of  di-tert-(0*,fl’,6*-trichlca:o)- 
butylphosphorous  acid  are  present  in  equilibrium; 
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TABLE  1 

Dl-tert-(B',fl*,fl’-trichloto)-butyl  Esters  of  Substituted  a-itydroxymethylphosphinlc  Acid 


930 


*Reactioa  conducted  in  ediei, 


In  our  opinion  the  existence  of  the  enolic  form  of  the  acid  is  conditioned  by  the  negative  chlorine  atoms  in 
the  tert -butyl  radical  which  stabilize  the  enolic  form.  With  progressive  entry  of  the  enolic  form  into  reaction 
with  carbonyl  compounds,  the  equilibrium  is  shifted. 

Our  prepared  products  can  evidently  be  utilized  as  insecticides  since  they  are  analogs  of  insecticides  de¬ 
scribed  in  the  literature  [3]. 


TABLE  2 


Prep¬ 

ara¬ 

tion 

No. 

Reacting  aldehyde 
or  ketone 

Time  elapsing 
before  devel¬ 
opment  of  crys¬ 
tals  from  in¬ 
stant  of  mixing 
of  reacting 
components  (hrs) 

Time  in  which 
the  mixture 
crystallized  to 
a  dense  mass 
(in  hrs) 

1 

Propionaldehyde  .  . . 

144 

720 

2 

Chloral . 

6 

7 

3 

Benzaldehyde ..... 

12 

48 

4 

p-Tolualdehyde  .  .  . 

21 

48 

5 

Acetone . 

144 

932 

6 

Cyclopentanone  .  .  . 

208 

864 

SUMMARY 


1.  Di-tert-(S',fl*,fl'-trichloro)-butylphosphorous  acid,  prepared  by  us,  condenses  with  various  aldehydes 
and  ketones  and  forms  the  corresponding  esters  of  the  substituted  a -hydroxymethylphosphinic  acid.  16  new  es¬ 
ters  were  synthesized. 

2.  The  ccxidensation  reaction  takes  place  both  in  the  presence  and  in  the  absence  of  a  catalyst. 
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ACETYLENE  DERIVATIVES 

172.  THE  MANNICII  REACTION  WITH  S-CYANOETHYL  ETHERS  OF  ACETYLENIC  ALCOHCXS 
I.N.  Nazarov  and  G.A.  Shvekhgeimer 


The  Mannich  reaction  with  acetylenic  alcohols  has  hitherto  received  very  little  attention  by  investigators 
although  the  acetylenicamino  alcohols  obtained  thereby  may  present  interest  as  intermediates  for  the  synthesis 
of  various  physiologically  active  substances.  As  was  shown  earlier  [1],  the  acetylenic  alcohols  themselves  do  not 
readily  enter  into  the  Mannich  reaction,  and  it  is  necessary  first  to  protect  the  hydroxyl  group  [1,2],  Having  at 
our  disposal  a  large  quantity  of  6-cyanoethyl  ethers  of  various  acetylenic  alcohols  [3],  we  decided  it  would  be 
of  interest  to  bring  them  into  the  Mannich  reaction  with  the  objective  of  preparing  the  corresponding  acetylenic 
amino  ethers.  Reaction  was  effected  by  boiling  for  many  hours  a  mixture  of  6  r-cyanoethyl  ether  of  acetylenic 
alcohol  with  a  small  excess  of  paraform  and  amine  in  dioxane  solution. 

20-hour  boiling  of  the  6  -cyanoethyl  ether  of  dimethylethynyl  carbinol  (I,  R  =  R’  =  CH3)  with  a  mixture 
of  paraform  and  diethylamine  gave  a  OO'Vo yield  of  the  6-cyanoethyl  ether  of  2-methyl-4-diethylaminobutyl-3- 
0I-2  (U,  R=  R’  =  CH3): 

OCH3CH2CN  OCH2CH2CN 

R\  I  PH  o  I 

r.>CC^CH  _^,>CteCCH,N,C,H,), 

(I)  Ul) 

Ror  R'  =  CH„  C,Hs,  C^, 

Under  the  same  conditions  the  6  -cyanoethyl  ethers  of  methylethylethynyl  carbinol  and  dipropylethynyl 
carbinol  give  the  corresponding  acetylenic  aminoethers  (II)  in  yield. 

Reaction  of  the  6-cyanoethyl  ether  of  methylisobutenylethenyl  carbinol  (UI)  with  paraform  and  diethyl¬ 
amine  gives  an  81%  yield  of  the  6-cyanoethyl  ether  of  2,4-dimethyl-7-diethylaminohepten-2-yn-5-ol-4  (IV): 

OCH2CH2CN  OCH2CH2CN 

I  CH,0  I 

)C=CHCC~CH  CHCC-CCH2N(C2H5)2 

CH;,  CH;, 

(III)  (IV) 

The  6-cyanoethyl  ethers  of  propylethynyl  carbinol  (V,  R=  11-03117)  and  6-phenylethyiethenyl  carbinol 
(V,  R=  CgHsCHgCHj)  likewise  react  smoothly  with  paraform  and  diethylamine  to  form  in  about  80% yield  the 
corresponding  diethylaminomethyl  derivatives  (VI,  R=  n-CsHy,  C6H5CH2CH2),  while  under  the  same  con.iitions 
the  6-cyanoethyl  ether  of  isopropylethynyl  carbinol  (V,  R=  iso-C3H7)  gives  the  corresponding  6-cyanoethyl 
amino ether(VI,  R  =  iso-C3H7)  only  in  56'/o yield: 

OCH2CH2CN  cH,o  OCH2CH2CN 
RCHC=CH  iC,H,),Nir  rchC;hCCH2N(C2H5)2 

(V)  (Vi) 

R=:7i-.Cjfl„  is«-CaHi,  C,H,CH,CH, 
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The  3-cyanoethyl  ether  of  l*ethynylcycldiexanol  (Vn,  R=  H)  reacts  with  paraform  and  diethylatnine  to 
fcMrm  the  acetylenic  amino  ether  (Vm,  R=  H)  in  96*70  yield: 

_  OCHaCHjjCN  _  OCH2CH2CN 

<  <(  ^C=CCH,N(C,H.), 

lx 

IVH)  R=iH,  CH,  (VIII) 


The  yields  of  the  corresponding  diethylaminomethyl  derivatives  are  lowered  in  presence  of  substituents  in 
the  cycldiexane  ring.  Thus,  the  6-cyanoethyl  ether  of  2-methyl-l-ethynylcyclohexanol  (VII,  R=  CHj)  reacts 
with  paraform  and  diethylainine  to  give  the  ctwresponding  6-cyanoethyl  amino  ether  (Vm,  R  =  CHj)  in  a  yield  of 
only  61%,  The  6-cyanocthyl  ether  of  2-ethynyldecalol-2  (IX)  (which  can  be  regarded  as  a  derivative  (rf  a  disub- 
stituted  cycldiexane)  under  the  same  conditions  forms  the  acetylenic  amino  ether  (X)  in  a  yield  of  only  27%; 


OCHjCHgCN 


\/\ 


J' 

(IX) 


OCH2CH2CN 

CH.O  ^  f  y  i-CsCCHgNfCjHB), 
(C,HJ,NH  I  I  I 
\/\/ 

(X) 


The  Mannich  reaction  goes  with  great  difficulty  with  the  6-cyanoethyl  ether  of  2,2-dimethyl-4-ethynyl-- 
tetrahydropyranol-4  (XI),  and  the  corresponding  diethylaminomethyl  derivative  (Xn)  is  obtained  in  a  yield  of 
only  15% 


NCCHjCHjO  C=CH 

X 


r 


yCHn 

(XI) 


CH/) 


(C,H0/4H 


NCCHjCHjO  CsCCHjNfCjHsla 

\/ 

/\ 

I  X"” 

(xn) 


The  6  -cyanoethyl  ethers  of  methylphenyl-ethynyl  carbinol  and  diphenyl-ethynyl  carbinol  (Xm  and  XIV) 
were  completely  incapable  of  entering  into  the  Mannich  reaction  and  were  either  recovered  unchanged  or  were 
resinified: 


OCHsCHiCN 

<”>Xc=CH 


(xni) 


O,  OCHjCHjCN 
\cC=CH 

(XIV) 


6  -Cyanoethyl  ethers  of  acetylenic  alcohols  similarly  enter  into  the  Mannich  reaction  with  other  alif^atic 
or  alicyclic  secondary  amines.  Reaction  of  the  6-cyanoethyl  ether  of  dimethyl -ethynyl  carbinol  (I,  R  =  R’  =  Cli^) 
with  piperidine  and  decahydroquinoline  in  presence  of  parafwm  gave  the  corresponding  acetylenic  amino  ethers 
(XV)  and  (XVI)  in  yields  of  about  80%. 


CH3. 


OCHjCHjCN 


’>CC=CCH,N^ 
CH3/ 

(XV) 


‘\ 


CH 


CH; 


OCHjCHjCN 
'^(!:C=CCH2N<^ 


(XVI) 


\ 
_ / 

\ _ / 


This  reaction  proceeds  with  much  greater  difficulty  with  aliphatic -aromatic  secondary  amines. 

Thus,  25-hour  boiling  of  a  mixture  of  the  6  -cyanoethyl  ether  of  dimethyl -ethynyl  carbinol,  paraform  and 
ethylaniline  in  dioxane  solution  leads  to  the  anticipated  6-cyanoethyl  aminoethex(XVn)  in  a  yield  of  50%: 


OCH2CH2CN  r!CH2CH2CN 

^““>ic=CH  ^”^)>cic=CCH,NC,H5 


CHs 


(XVII) 


C,H5 
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The  Mannich  reaction  proceeds  with  still  greater  difficulty  iir  the  case  of  secondary  amines  containing  the 
0-cyanoethyl  group  at  the  nitrogen,  the  corresponding  6-cyanoethyl  amino  ethers  (XVIII)  being  obtained  in  yields  ' 
of  30-40‘7o. 


CH:, 

CH;, 


OCH2CH2CN 

\CC=CH 


CH,0 

rn1Tch,ch,cn 


OCH2CH2CN 
CH3  ,  I  . 

>CC=CCH2NCH2CH.,CN, 

CH3/  I 

R 


R=::CH„  C,H„  oCHAH,.  )i-CH30C,H,. 


rxvili) 


EXPERIMENTAL 

1.  A  mixture  of  41.1  g  (0.3  mole)  6-cyanoethyl  ether  of  dirnethylcthynyl  carbinol  (b.p.  95-97*  at  19  mm), 
22.6  g  (0,31  mole)  dietliylamine,  9.3  g  (0.31  mole)  paraform  and  25  ml  dioxane  was  boiled  for  20  hours.  The  di- 
oxane  was  driven  off  in  the  vacuum  of  a  water-jet  pump,  th.  residue  was  dissolved  in  ether,  washed  with  water, 
dried  with  magnesium  sulfate  and  fractionated  in  vacuum.  Yield  63.8  g  previously  described  [2]  6-cyanoethyl 
amino  ether (II,  R=  R*  =  CH3)  with  b.p.  118-120*  at  3.5  mm. 

Other  experiments  were  carri  .d  out  similarly.  The  reaction  mixture  was  usually  boiled  for  20  hours  and  all 
changes  during  heating  were  noted  in  describing  the  experiments. 

2.  Taken  for  reaction:  15.1  g  (0.10  mole)  6-cyanoethyl  ether  of  methylethylethynyl  carbinol  (b.p.  64-65* 
at  2.5  mm),  8  g  (0.11  mole)  diethylamine,  3,3  g  (0,11  mole)  paraform  and  10  ml  dioxane.  Yield  21.5  g  6-cy¬ 
anoethyl  amino  ether  (n,  R=  CH3,  R'  =  C2H5)  with  b.p.  134-135*  at  3.5  mm,  1.4600,  dj®  0.9201,  MRj)  70.25; 
calc.  70.19. 

Found  ^0:  N  11,85,  11.66,  C14H24ON2.  Calculated  ’’Jcr.  N  11.86, 

3.  Taken  for  reaction:  14.3  g  (0.074  mole)  6-cyanoethyl  ether  of  dipropylethynyl  carbinol  (b.p.  102-103* 
at  5  mm),  8  g  (0.11  mole),  diethylamine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane.  Yield  18.8  g  6-cyano¬ 
ethyl  amino  ether  (11,  R=  R'  =  n-C3H7)  with  b.p.  152.-153*  at  3.5  mm,  n^  1.4615,  dj®  0.9079,  MI^  84.10;  calc. 
84.04. 

Found  "/o:  N  10,06,  10.08.  Ci7H3oON2.  Calculated  /o;  N  10.07. 

4.  Taken  for  reaction:  17  g  (0.096  mole)  6-cyanoethyl  ether  of  methylisobutenylethynyl  carbinol  (in) 

(b.p.  98-100*  at  5  mm),  8  g  (0.11  mole)  diethylamine,  3,3  g  paraform  (0.11  mole)  and  10  ml  dioxane.  Yield 
20.3  g  6-cyanoethyl  amino  ether  (IV)  with  b.p.  135-137*  at  2  mm,  1.4735,  d*®  0.9304,  MI^  79.04;  calc. 

78.96. 

Found  ’’joi  N  10.59,  10.87,  10.89.  C16H26ON2,  Calculated  N  10.68. 

5.  Taken  for  reaction:  15.1  g  (0,1  mole)  6-cyanoethyl  ether  of  propylethynyl  carbinol  (b.p.  90-91*  at  6 
mm),  8  g  (0.11  mole)  diethylamine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane.  Yield  19.4  g  6-cyanoethyl 
aminoether  (VI,  R  =  n-C3H7)  with  b.p.  134-136*  at  2,5  mm,  150-151*  at  5  mm,  n^  1.4612,  dj®  0.9198,  MRd  70,46; 
calc.  70.19, 

Found  N  11.73,  11.75,  C14H24ONZ.  Calculated  N  11.86. 

6.  Taken  for  reaction:  20.2  g  (0,1  mole)  6-cyanoethyl  ether  of  6-phenylethylethynyl  carbinol  (b.p.  141- 
143*  at  3  mm),  8  g  (0.11  mole)  diethylamine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane.  Yield  23.1  g 
6-cyanoethyl  aminoether  (VI,  R=  CgHsCHzCHz)  with  b.p,  192-194*  at  2  mm,  1.5100,  d*®  0.9915,  MRq  89.89; 
calc,  89,68, 

Found  7o:  N  9.28,  9.34.  CjgHzsONz.  Calculated  N  9.39. 

7.  Taken  for  reaction:  7.5  g  (0,05  mole)  6-cyanoethyl  ether  of  isopropylethynyl  carbinol  (b.p.  83-85*  at 
6  mm),  4  g  (0.05  mole)  diethylamine,  1.65  g  (0.05  mole)  paraform  and  5  ml  dioxane.  Yield  6.7  g  6-cyanoethyl 
aminoether  (VI,  R=  iso-C3H7)  with  b.p.  148-150*  at  8  mm,  136-138*  at  4  mm,  np  1.4608,  d*®  0.9198,  M%)  70.38; 
calc.  70.19. 

Found  %:  N  11.88,  11.67.  C14H24ON2.  Calculated  "/«  N  11.86. 
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8.  Taken  for  reaction:  17.7  g  (0.1  mole)  6-cyanoethyl  ether  of  1-ethynylcyclohexanol  (b.p.  92-95*  at  3 
mm),  8  g  (0,11  mole)  diethylamine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane.  Yield  25.1  g  fl-cyanoethyl 
amino  ether(VIII,  R  =  H)  with  b.p.  148-150*  at  2  mm.  168-170°  at  6  mm;  1.4817,  dj*  0.9652,  MI^  77.34; 
calc.  77.23. 

Found  °Ik  N  10.51.  10.50,  10.60.  CkHmONs.  Calculated  N  10.69. 

9.  Taken  for  reaction:  19,1  g  (0.1  mole)  6  -cyanoethyl  ether  of  2-methyl-l-ethynylcyclohexanol  (b.p. 
133-136*  at  15  mm),  8  g  (0,11  mole)  diethylamine.  3.3  g  (0.11  mole)  paraform  and  15  ml  dioxane.  Yield  16,9 
g  8 -cyanoethyl  amino  ether  (VIH.  R=  CH,)  with  b.p.  172-175“  at  5  mm.  156-157"  at  2.5  mm;  1.4791,  df 
0.9582,  M%  81*69;  calc.  81.84. 

Found  %:  N  9.89.  10.04.  CitHi^Ns.  Calculated  °lo’.  N  10.15. 

8.1  g  initial  8 -cyanoethyl  ether  returned  unchanged  from  the  experiment, 

10.  Taken  for  reaction:  19  g  (0.08  mole)  8-c)ranoethyl  ether  of  2-ethyn)^decalol-2  (IX)  (b.p,  150-153“ 
at  4.5  mm),  7.3  g  (0,1  mole)  diethylamine,  3  g  (0.1  mole)  paraform  and  10  ml  dioxane.  Yield  7,4  g  8 -cyano¬ 
ethyl  amlnoether  (X)  with  b.p.  194-197*  at  5  mm,  1.5012,  d*®  1.0013,  MI^  93.01;  calc,  93.49, 

Found  N  8.45.  8.57.  C2,H„Ca42*  Calculated  Vo:  N  8.86. 

10.6  g  initial  8  -cyanoethyl  ether  returned  unchanged  from  the  experiment. 

11.  Taken  for  reaction:  20.7  g  (0.1  mole)  8-cyanoethyl  ether  of  2,2-dimethyl -4 -ethynyltetrahydropyra - 
nol-4  (Xiyb.p.  122-125*  at  3  mm).  8  g  (0.11  mole)  diethylamine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane. 
Yield  4,5  g  8-cyanoethyl  amino  ether  (XII)  with  b.p,  170-173*  at  3  mm,  np  1.4831,  dj®  1,0197,  MI^  81.79;  calc. 
81.84. 

Found  Vo:  N  9.70.  CjtHj ^Nt*  Calculated  Vo:  N  9.59. 

12.1  g  initial  8  -cyanoethyl  ether  returned  unchanged  from  the  experiment, 

12.  A  mixture  of  13.7  g  (0.1  mole)  8-cyanoethyl  ether  of  dimethylethynyl  carbinol,  9  g  (0.107  mole)  8- 

cyanoethylmethylamine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane  was  boiled  for  25  hours.  Yield  5.7  g 
8-cyanoethylaminoether  (XVIII,  R=  CH)  with  b.p.  182-184*  at  5  mm,  nf^  1.4715,  dj®  0.9967,  65,40;  calc. 

65.39. 

Found  Vr.  N  18.76.  18.53.  C]|H«C^,.  Calculated  Vo:  N  18.10. 

10.2  g  initial  8  -cyanoethyl  ether  returned  unchanged  from  the  experiment. 

13.  Taken  for  reaction:  13.7  g  (0.1  mole)  8-cyanoethyl  ether  of  dimethylethynyl  carbinol,  9.5  g  (0.11 
mole)  piperidine,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane.  Yield  19  g  8-cyanoethyl  amlnoether  (XV) 
with  b.p.  148-150*  at  4  mm.  1.4807,  dj®  0.9742,  MRd  68.32;  calc.  67.99. 

Found  Vk  N  10.86,  10.83.  Calculated  Vo:  N  10.96. 

14.  Taken  for  reacticm:  13,7  g  (0,1  mole)  6-cyanoethyl  ether  of  dimethylethynyl  carbinol,  15,3  g  (0,11 

mole)  decahydroqulnollne,  3.3  g  (0.11  mcde)  paraform  and  10  ml  dioxane.  Yield  23.9  g  8  -cyanoethyl  amino 
ether  (XVI)  with  b.p.  183-185*  at  5  mm.  1.4953,  d^®  0.9968.  84.30;  calc.  84.26. 

Found  °Jo:  N  9.35,  9.75.  CjiHtf^t*  Calculated  Vo:  N  9.72. 

15.  A  mixture  of  13.7  g  (0.1  mole)  8-cyanoethyl  ether  of  dimethylethynyl  carbinol,  13  g  (0.11  mole) 
ethylaniline,  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane  was  boiled  for  15  hours.  After  each  5-hour  period, 
to  the  reaction  mixture  was  added  0.2 g  paraform.  Yield  13.3  g amlnoether  (XVII)  with  b.p.  168-170*  at  2  mm, 
i^®  1.5312,  dl®  1.0148. 

Found  V>:  N  10.12,  10.24.  CiTH|sONt.  Calculated  V>:  N  10,38. 

16.  A  mixture  of  13,7  g  (0.1  mole)  8-cyanoethyl  ether  of  dimethylethynyl  carbinol,  16.1  g  (0,11  mole) 

8 -cyanoethylaniline  (b.p.  128-130*  at  2.5  ml),  3.3  g  (0.11  mole)  paraform  and  10  ml  dioxane  was  boiled  for  25 
hours.  After  each  5 -hour  period,  to  the  reaction  mixture  was  added  0.2  g  paraform.  Yield  11.2  g  amino^ether 
(XVm,  R=  C,H,)  with  b.p.  228-232*  at  4  mm,  1.5445,  dj®  1.0746. 

Found  V>:  N  13.88,  13.83.  Cj^jON,.  Calculated  Vs  N  14.24. 
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6.7  g  initial  d-cyanoethyl  ether  and  3.3  g  3  *cyanoethylaniline  were  returned  from  the  experiment. 

17.  Taken  for  reaction:  13.7  g  (0.1  mole)  0-cyanoethyl  ether  of  dimethylethynyl  carbinol,  17.6  g  (0.11 
mole)  3-cyanoethyl-o-toluidine  (b.p.  128-130*  at  3  mm),  3.3  g  (0.11  mole)  paraform  and  10  ml  diaxane.  The 
mixture  was  boiled  for  25  hours.  After  each  5-hour  period,  to  the  reaction  mixture  was  added  0.Z  g  paraform. 
Yield  12.2  g  amino  ether  (XVIH,  R=  o-Cl^C,!!*)  with  b.p.  230-234*  at  3  mm,  1.5213,  dj®  1.0438. 

Found  N  13.55,  13.43.  CnHisONs.  Calculated  %  N  13.59. 

6.3  g  initial  6-cyanoethyl  ether  and  7.2  g  6-cyanoethyl-o-toluldine  returned  from  the  experiment. 

18,  Taken  for  reaction:  13.7  g  (0.1  mole)  S-cyanoethyl  ether  of  dimethylethynyl  carbinol,  19,8  g  (0.11 
mole)  6-cyanoeth^-p-anisidine  (b.p.  158-160*  at  3  mm),  3,3  g  (0,11  mole)  paraform  and  10  ml  dioxane.  The 
mixture  was  boiled  for  25  hours.  After  each  5-hour  period,  to  the  reacti(»i  mixture  was  added  0.2  g  paraform. 
Yield  10.4  g  amino  ether  (XVIU,  R=  p-CHjOC6H4)  with  b.p.  258-263*  at  5  mm,  nfj  1.5600,  dj®  1.1132. 

Found  %  N  12.38,  12.62.  CsHjsO^N,.  Calculated  %  N  12.92. 

8.8  g  initial  3-cyanoethyl  ether  and  8.2  g  ^-cyanoethyl-p-anisidine  returned  from  the  experiment. 

SUMMARY 

The  Mannich  reaction  with  3  -cyanoethyl  ethers  of  various  acetylenic  alcohols  is  described,  and  it  is  shown 
that  the  yield  trf  the  resultant  dialkylaminomethyl  derivatives  depends  both  upon  the  character  of  the  acetylenic 
alcdiol  and  upon  that  of  the  secondary  amine.  This  reaction  proceeds  the  most  smoothly  with  aliphatic  deriva¬ 
tives  (yield  8O-90f55)).  3 -Cyanoethyl  ethers  of  methylphenylethynyl  carbinol  and  diphen^thynyl .  carbinol  are 
completely  inc(tpable  of  entering  into  the  Mannich  reaction.  Secondary  amines  containing  aromatic  and  3  -cy¬ 
anoethyl  radicals  undergo  the  reaction  with  much  less  facility  than  aliphatic  amines. 
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THE  SYNTHESIS  OF  STEROIDS  AND  RELATED  COMPOUNDS 

XXXI.  CONDENSATION  OF  HALOGEN  DERIVATIVES  OF  THE  ALLYL  TYPE  WITH  CYCLIC 
1,3 -DIKETONES  AND  INNER-MOLECULAR  CYCLIZATION  (WITH  LOSS  OF  WATER) 

OF  THE  RESULTANT  COMPOUNDS 

I.N.  Nazarov,  S.N.  Ananchenko  and  I.V.  Torgov 


The  present  work  is  a  continuation  of  investigations  on  the  synthesis  of  polycyclic  compounds  related  to 
the  steroids.  It  appeared  of  interest  to  investigate  the  condensation  of  cyclic  1,3 -diketones  with  halo-derivatives 
of  the  allyl  type  and  to  estaliish  the  possibility  of  cyclization  of  the  resultant  products.  As  we  know,  cyclohexane- 
1,3 -dione  (dihydroresorcinol)  usually  exists  in  solution  in  the  enol  form.  Thus,  in  aqueous  solution  95.3%  is  in  the 
enol  form  [1];  we  should  therefore  expect  that  in  the  first  instance  the  alkylation  of  dihydroresorcinol  would  pro¬ 
ceed  in  the  direction  of  formation  of  the  enol  ether,  as  was  also  confirmed  by  the  studies  of  Merling  [2].  Forma¬ 
tion  of  C-substituted  derivatives  of  dihydroresorcinol  was  known  up  to  recently  only  in  two  cases:  reaction  of  the 
sodium  derivative  of  dihydroresorcinol  with  benzaldehyde  [3]  and  with  allyl  bromide  [4J.  And  only  very  recently, 
after  we  had  started  our  research,  were  some  investigations  on  the  synthesis  of  mono-  and  dialkyl -substituted  dihy- 
droresorcinols  reported  by  Stetter  and  Dierichs  [4].  As  the  allylic  halogen  derivatives  for  this  condensation  we  sel¬ 
ected  2-methyl -4-chloro-butene -2;  2-methyl-4-bromobutene-2:  l,3-dichlorobutene-2,  and  crotyl  bromide. 

The  relative  susceptibility  to  condensation  of  these  halo-derivatives  was  initially  investigated  with  refer¬ 
ence  to  the  ethyl  esters  of  acetoacetic  and  methylacetoacetic  acids.  Condensation  of  2-methyl-4-bromobutene-2 
with  sodium  acetoacetic  ester  gives  a  66%  yield  of  y,y-dimethylallyl  acetoacetic  ester  (I);  in  addition  about  5% 
of  a  disubstituted  acetoacetic  ester  (11)  could  be  isolated: 
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In  the  analogous  condensation  of  acetoacetic  ester  with  2-methyl -4-chlorobutene-2  the  yield  of  y,y.-di- 
methylallyl  acetoacetic  ester  (I)  fell  to  40 /o. 

Condensation  of  methylacetoacetic  ester  with  2-methyl -4-bromobutene -2  gives  the  corresponding  disub 
stituted  acetoacetic  ester  (lU)  in  75Vo  yield: 
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Replacement  of  2-methyl -4-bromobutene -2  by  2-methyl-4-chlorobutene-2  in  this  condensation  likewise 
lowers  the  yield  of  ester  (IE)  to  46*!^. 

Condensation  of  dihydroresorcinol  with  2-methyl -4-bromobutene -2  in  presence  of  sodium  methoxide  in 
methanol  gave  two  products  ~a  C-substituted  derivative  of  dihydroresorcinol  (IV)  and  an  O-substituted  derivative 
(V)  in  yields  of  40  and  17<]|iUrespectively^  The  structure  of  the  enol  ether  (V)  was  confirmed  by  its  hydrolysis  to 
the  wiginal  dihydroresorcinol  with  dilute  hydrochloric  acid: 
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It  is  interesting  that  in  the  condensation  of  dihydroresorcinol  with  2-methyl-4-chlorobutene-2  the  yield  of 
C-substituted  derivative  (IV)  falls  to  12<7o  while  the  yield  of  enol  ether  (V)  rises  to  31%, 

Condensation  of  l-bromobutene-2  (crotyl  bromide)  with  methyldihydroresorcinol  can  only  be  effected  with 
the  help  erf  potassium  hydroxide  in  aqueous  dioxane  solution,  A  27%  yield  is  then  obtained  of  2-methyl-2-crotyl- 
cyclohexane-l,3-dione  (VI),  which  on  hydrogenation  in  alcohol  in  presence  of  platinum  catalyst  absorbs  1  mole 
hydrogen  and  is  converted  into  2-methyl-2-butylcycldiexane-l,3-dione  (VII): 
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When  this  condensation  was  performed  in  a  medium  of  anhydrous  methanol  we  obtained  a  liquid  with  b,p, 
109.5-111*  at  3.5  mm,  n^  1.4750,  which  on  the  basis  of  other' data  [5]  can  be  assigned  the  structure  of  (Vila). 


The  condensation  of  1,3 -dichlorobutene -2  with  methyldihydroresorcinol  proceeds  in  an  entirely  similar 
manner.  The  disubstitiited  derivative  (VIE)  is  obtained  in  35%  yield: 
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Condensation  of  the  sodium  derivative  of  methyldihydroresorcinol  with  2-methyl -4-bromobutene -2  leads 
to  a  67%  yield  of  2-methyl -2-(y,y-dimethylallyl)-cyclohexane-l,3-dione  (IX).  When  this  condensation  is  per¬ 
formed  with  2-methyl -4-chlorobutene-2,  likewise  in  aqueous  dioxane  solution  [in  a  manner  similar  to 
the  [reparation  of  diketones  (VI)  and  (VIE)],  the  yield  of  (jompound‘(IX)  falls  to  33-36%; 
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After  studying  the  condensation  ot  allyiic  halo -derivatives  with  dihydrcvesorcinol  and  methyldihydrorescv- 
cinol,  we  turned  our  attention  to  the  reaction  of  cyclization  of  the  prepared  products.  As  we  know,  the  presence 
of  an  adjacent  carbonyl  group  makes  the  a -atoms  of  hydrogen  more  labile,  so  that  they  become  capable  of  en¬ 
tering  into  various  reactions  such  as  the  crotonic  condensation.  On  this  basis  we  developed  in  our  laboratory  a 
method  of  synthesis  of  9 -methyl -1,6 -diketo-A®-octalin  [6]: 
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It  was  of  interest  to  establish  whether  cyclic  1,3 -diketones  containing  in  the  side  chain  a  double  bond  in 
place  of  the  carbonyl  group  are  capable  of  a  similar  intramolecular  condensation. 


Only  three  cases  of  such  a  type  of  cyclization  have  been  reported  in  the  literature  —  the  cyclization  of  6- 
ionone,  irone[7]  and  methylheptenone  [8]  respectively  to  ionene,  Irene  (in  presence  of  hydriodic  acid  and  phos-' 
phorus)  and  dihydro -m -xylene  under  the  action  of  75%  sulfuric  acid: 


CH3  CH3 
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We  realized  the  cyclization  of  y,y-dimethylallyl  acetoacetic  ester  (I)  with  the  help  of  75%  sulfuric  acid 
and  so  obtained  dihydro-m-xylene  in  19%  yield;  the  constants' of  the  product  agreed' with  those  of  Verlfey’s  prepara¬ 
tion  [8],  obtained  by  cyclization  of  methylheptenone.  The  structure  of  dihydro-m-xylene  was  confirmed  by  its 
transformation  into  1,3 -dimethyl -2-nitrobenzene. 


Cyclization  under  the  same  conditions  of  disubstituted  cyclohexanediones,  however,  was  found  impossible, 
since,  as  shown  in  a  number  of  examples  [6],  the  cyclohexanedione  ring  is  ruptured  under  the  action  of  both  acids 
and  alkalies.  It  was  therefore  decided  to  investigate  phosphorus  pentoxide  as  a  dehydrating  agent. 


Heating  of  2-(y,y-dimethylallyl)-cylcohexane-l,3-dione  (IV)  in  vacuum  in  presence  of  phosphorus  pent- 
oxide  (0,6%  of  the  weight  of  substance  taken)  led  to  formation  in  77%  yield  of  2,2-dimethyltetrahydrochroman- 
5-one  (X); 
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We  did  not  succeed  in  cyclizing  2-methyl-2-ctotyicyclonexane-l,3-dione  (VI)  and  2-methyl-2-(y-crotyl) 
cyclohexane -1,3 -dione  (VIII)  by  heating (120 -160*)  with  phosphorus  pentoxide,  probably  due  to  the  trans -arrange¬ 
ment  of  the  methyl  group  in  the  crotyl  radical  in  relation  to  the  carbcmyl  of  the  cyclohexane  ring  [as  indicated 
in  Formulas  (VI)  and  (VIII)]. 

Heating  of  2-methyl-2-(7,y-dimethylallyl)-cyclohexane -1,3 -dione  (IX)  in  vacuum  in  presence  of  phos¬ 
phorus  pentoxide  (0,5%  of  weight  of  substance)  led  to  a  30%yi«ild  erf  6,9-dimethyl-l-keto-A^*°^’®-hexahydro- 
naphthalene  (XII)  with  m.p.  50“: 
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The  structure  of  6,9-dimethyl-l-keto-A^*^*®“hexahydronaphthalene  (Xn)  was  demonstrated  by  Klzhner 
reduction  to  6,9-dimethyl-A^^^'^-hexahydronaphthalene  (Xm),  which  was  then  dehydrogenated  with  palladium 
on  carbon  at  360-370*  to  the  known  2-methylnaphthalene, 

The  position  of  the  double  bonds  in  6,9-dimethyl-l-keto-A^*^’®-hexahydronaphthalene  (XII)  is  assumed 
on  the  basis  cf  analogy  with  abietic  and  levopimaric  acids.  Like  abietic  acid, Compound  (XII)  is  unstable  and 
oxidizes  after  keeping  for  1-2  days  at  20*.  Condensation  of  6,9-dimethyl-l-keto-A^^^’®“hexahydronaphthalene 
with  maleic  anhydride  proceeds,  as  in  the  case  of  abietic  acid  [9],  only  at  200*,  and  leads  to  a  35%  yield  of  the 
adduct  (XIV),  which  can  probably  be  represented  by  Formula  (XI): 
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As  we  know,  levopimaric  acid,  which  contains  a  conjugated  dienic  system  in  one  ring  [like  Compound  (XI)], 
reacts  with  maleic  anhydride  even  at  20*  [10].  Ultraviolet  absorption  data  also  confirm  that  6,9-dimethyl-l-ketO‘ 
A^^)*^-hexahydronaphthalene  (XII)  [\nax  (hi  isooctane)  252  mfx]  is  a  heteroannular  transoid  diene.  the  lat¬ 
ter  the  absorpdcMi  maximum  lies  in  the  230 -250mfz  region,  whereas  homoannular  cisoid  dienes  of  the  type  of  (XI) 
have  an  absorption  maximum  in  the  270-280  m/i  regicm  [11]. 

The  unusual  character  of  6,9-dimethyl-l-keto-A^^^^’^-hexahydronaphthalene  (XII)  is  also  manifested  in 
its  inability,  under  normal  conditions,  to  ccxidense  even  with  acetylides  of  alkali  meuls  in  liquid  ammcHiia, 
whereas  nearly  all  aldehydes  and  ketcmes,  including  the  enol  ethers  of  methyldihydroresorcinol  [12],  undergo  this 
reaction.  The  enol  ethers  of  methyldihydroresorcinol  also  enter  into  reaction  with  Grignard  reagents,  as  we 
showed  in  the  following  example: 
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CH3  CH3 
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/^\/  /\/ 

O  O 

(XV) 


Consequently,  on  the  basis  of  our  data,  we  can  claim  to  have  established  that  diketone  (IX)  when  heated 
with  phosphorus  pentoxide  undergoes  an  intramolecular  condensatitxi  of  the  crotonic  type  with  formation  of  an 
intermediate  ketcme  (XI)  which  under  the  reaction  conditions  isomerizes  to  6,9-dimethyl-keto-A^^^’^-hexahy- 
dronaphthalene  (XII),  similarly  to  the  isomerization  of  levopimaric  acid  to  abietic  acid  under  the  influence  of 
acids  and  heat. 

The  new  condensation  reaction  that  we  have  discovered  may  be  utilized  f(»r  the  sjmthesis  (rf  steroids  and 
related  compounds. 
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EXPERIMENTAL 

Preparation  of  2-methyl-4-bromobutene-2.  Into  50  g  dimethylvinyl  carbinol  (b.p.  97-98*)  was  passed  at 
at  0“  a  stream  of  hydrogen  bromide  until  the  weight  addition  of  the  reaction  mass  reached  50  g  (47  g  in  theory). 
The  bromide  was  separated  from  the  water  that  formed,  the  aqueous  layer  was  extracted  with  ether,  the  com¬ 
bined  ethereal  extracts  were  neutralized  with  soda  (bicarbonate)  and  dried  with  potash.  After  distillation,  66  g 
2-methyl-4-bromobutene-2  was  obtained  with  b.p.  61t63*  at  67  mm,  np  1.4900  [13],  Yield  74*70. 

Preparation  of  2-methyl-4-chlorobutene-2.  2-Methyl-4-chlorobutene-2  was  prepared  by  the  same  method 
that  was  described  previously  [14],  From  100  g  dimethylvinyl  carbinol  was  obtained  74  g  2-methylchlotobutene- 
2  with  b.p.  62-64*  at  150  mm,  nJJ  1.4498  (the  product  was  fractionated  on  a  column  of  the  Fenske  type  with 
glass  packing).  Yield  56*70. 

Condensation  of  sodium  acetoacetic  ester  with  2-methyl-4-bromobutene-2.  In  a  3 -necked  flask,  fitted 
with  mechanical  stirrer,  dropping  funnel,  thermometer  and  reflux  condenser  was  prepared  a  solution  of  sodium 
alcoholate  from  4.6  g  sodium  and  56  ml  anhydrous  alcohol.  To  the  cooled  solution  of  sodium  alcoholate  was 
added  26  g  acetoacetic  ester  and  the  reaction  mixture  was  stirred  at  20*  for  1  hour.  Then  in  the  course  of  15 
minutes  was  added  38  g  2-methyl-4-bromobutene-2  and  the  solution  warmed  up  to  60-65*.  The  reaction  mass 
was  stirred  for  1  hour  at  room  temperature  and  for  1  hour  was  heated  on  a  boiling  water  bath.  The  alcohol  was 
driven  off  under  a  slight  vacuum  and  to  the  residue  was  added  50  ml  water;  the  supernatant  layer  of  oil  was  sep¬ 
arated  and  the  aqueous  layer  was  extracted  3  times  with  ether  and  the  combined  ethereal  extract  was  washed 
with  water  and  dried  with  magnesium  sulfate.  After  driving  off  the  ether  the  product  was  vacuum -fractionated: 

1st  fraction  had  b.p.  43-54*  at  8  mm.nf)  1.4315  (1.5  g);  2nd  fraction  b.p.  54-111*  at  8  mm,  np  1.4382  (3  g); 

3rd  fraction  b.p.  112-114*  at  8  mm,  nff  1.4529  (27  g);  4th  fraction  b.p.  114-143*  at  8  mm,  np  1.4700  (5  g); 
residue  2  g. 

The  third  fraction  was  pure  ethyl  ester  of  y,y-dimethylallylacetoacetic  acid  (I),  b.p.  112-114*  at  8  mm, 

86*  at  1  mm,  n^*  1.4529,  dj®  0.9751,  MRd  55.08;  calc.  54.84.  Yield  66*70. 

Found  *7o:  C  66.72.  66.40;  H  9.17,  9.15.  CnHiA-  Calculated  *7o:  C  66.62;  H  9.15. 

The  fourth  fraction  was  again  distilled  in  vacuum  and  3  g  ethyl  ester  of  di-(y,y-dimethylallyl)-acetoace- 
tic  acid  (II)  was  obtained  with  b.p.  128-130*  at  1  mm,  n®  1.4700,  d*®  0.9544,  MI^  77.01;  calc.  76.81.  Yield  5*7o. 

Found  <7o:  C  72.37,  72.35;  H  9.93,  10.10.  CigHjeOi.  Calculated  <7o;  C  72.18;  H  9.83. 

Condensation  of  sodium  acetoacetic  ester  wiLh2 -methyl-4-chlorobutene-2.  The  condensation  was  carried 
out  in  the  same  manner  as  in  the  precedingj  experiment,  starting  from  18  g  acetoacetic  ester  and  18  g  chlcride 
except  that  the  reaction  mixture  was  boiled  for  2.5  hours.  Fractionation  yielded  the  following  fractions:  1st 
fraction  with  b.p.  52-113*  at  11  mm,  nj)  1.4288  (2  g);  second  fraction  with  b.p.  113-117*  at  11  mm,  np  1.4468 
(1  g);  3rd  fraction  with  b.p.  118-120*  at  .1  mm,  n^  1.4520  (11  g);  4th  fraction  with  b.p.  120-140*  at  11  mm, 
nf^  1.4610  (6  g);  residue  3.5  g. 

The  third  fraction  was  the  above -described  ethyl  ester  of  dimethylallylacetoacetic  acid  (I).  Yield  41*70. 

Cyclization  of  ethyl  ester  of  y,y-dimethylallylacetoacetic  acid  (I)  [8].  15  g  ethyl  ester  of  y  ,y-dimethyl- 
allylacetoacetic  acid  and  22.5  g  75*70  sulfuric  acid  was  stirred  for  15  minutes;  the  liquid  warmed  up  to  60*  and 
carbon  dioxide  evolved.  The  reaction,  mass  was  pouted  into  50  ml  water  and  extracted  with  ether.  The  ethereal 
extract  was  washed  three  times  with  saturated  soda  solution,  then  with  water  and  was  dried  with  calcium  chloride. 
Fractionation  yielded  the  following  fractions:  1st  fraction  with  b.p.  63*  at  60  mm,  np  1.4415  (2  g);  2nd  frac¬ 
tion  b.p.  63-66*  at  10  mm,  n^  1.4495  (1.5  g);  3rd  fraction  with  b.p,  82-130*  at  1.5  mm,  nf)  1.4870  (1  g);  4th 
fraction  with  b.p.  130-170*  at  1.5  mm,  np  1.4980  (1  g). 

On  further  heating  the  residue  decomposed. 

The  first  two  fractions  were  distilled  over  metallic  sodium  and  we  obtained  1.5  g  dihydro-m -xylene  with 
b.p.  129-130*  at  760  mm.  ng  1.4430,  df  0.8283.  Yield  19*7o. 

Literature  data  [15]  on  dihydro-m -xylene  give  b.p.  131*  at  760  mm,  ng  1.4410,  d“  0.838. 

Nitration  of  dihydro-m-xylene.  0.9  g  dihydro-m -xylene  was  poured  into  a  nitrating  mixture,  prepared 
from  6.5  g  56*70  nitric  acid  and  19.4  g  concentrated  sulfuric  acid.  The  hydrocarbon  instantly  dissolved  and  a  vio¬ 
lent  evolution  of  nitrogen  oxides  was  observed.  The  mixture  was  heated  for  5  minutes  at  50*  and  poured  into  cold 
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water.  0.41  g  of  oil  was  obtained  which  crystallized  upon  standing.  After  2  fractional  distillations  from  alcohol, 

0.2  g  1,3 -dimethyl-2 -nitrobenzene  was  obtained  with  m.p.  74-75*.  A  melting  test  mixture  with  a  known  sample 
melted  at  74-75*. 

Condensation  of  sodium  methylacetoacetic  ester  with  2-methyl-4-bromobutene-2.  In  a  3 -necked  flask 
fitted  with  mechanical  stirrer,  dropping  funnel,  thermometer  and  reflux  condenser  was  prepared  a  solution  of  so¬ 
dium  alcoholate  from  4.6  g  sodium  and  56  ml  anhydrous  alcohol.  To  the  cooled  solution  of  sodium  alcoholate 
was  added  28.8  g  methylacetoacetic  ester  (b.p.  74-75*  at  11  mm,  np  1.4213  [16]).  A  viscous  white  precipitate  of 
sodium  derivative  instantly  formed  with  evolution  of  heat.  The  reaction  mass  was  heated  on  a  water  bath  for  1 
hour,  cooled  .and  in  the  course  of  15  minutes  33  g  2 -methyl -4 -bromc butene -2  was  added;  the  reaction  mass  heated 
up  to  60-65*.  The  reaction  mass  was  stirred  for  1  hour  at  room  temperature  and  2  hours  with  heating  on  a  boiling 
water  bath.  The  alcohol  was  driven  off  under  a  slight  vacuum  and  to  the  residue  was  added  50  ml  water  and  the 
product  was  extracted  3  times  with  ether.  The  combined  ethereal  extracts  were  washed  2  times  with  saturated 
soda  solution,  then  with  water  and  dried  with  magnesium  sulfate.  Ether  was  driven  off  and  the  residue  was  vacuum - 
distilled.  The  1st  fraction  had  b.p.  34-67*  at  8  mm,  np  1.4240  (3.5  g);  the  2nd  fraction  had  b.p.  67-111*  at  8  mm, 
n^  1.4290  (3.1  g);  3rd  fraction, b.p.  112-114*  at  8  mm,  n^  1.4508  (31  g);  residue  2  g. 

The  3rd  fraction  was  the  ethyl  ester  of  methyl-v,y-dimethylallylacetoacetic  acid  (III),  b.p.  112-114*  at 
8  mm.  94.5*  at  15  mm,  1.4515,  4®  0.9616.  MRd  58.69;  calc.  59.41.  Yield  75<%i 

Found  <7oc  C  67.70.  67.89;  H  9.45,  9.52.  C„H,oOs.  Calculated  o/o:  C  67.89;  H  9.49. 

Condensation  of  sodium  methylacetoacetic  ester  with  2-methyl-4-chlorobutene-2.  The  condensation  was 
carried  out  in  the  same  manner  as  in  the  preceding  experiment  starting  from  20  g  methylacetoacetic  ester  and 
18  g  2-methyl-4-chlorobutene-2  except  that  the  reaction  mixture  was  boiled  for  2.5  hours.  Fractionation  yielded 
the  following  fractions:  1st  fraction  b.p.  56-80*  at  1  mm,  n^  1.4420  (5  g);  2nd  fraction  b.p.  80-92°  at  1  mm, 
1.4490  (1  g);  3rd  fraction  b.p.  92-93*  at  1  mm,  np  1.4508  (13  g);  residue  3  g. 

The  3rd  fraction  was  the  ethyl  ester  of  methyl -y.y-dimethy la llylacetoacetic  acid  (III).  Yield  45‘yft 

Attempts  were  made  to  effect  the  cyclization  of  this  ester  by  the  action  of  :  1)  phosphoric  acid  (d  1.83) 
and  phosphoric  anhydride  at  80*  for  30  minutes,  2)  piperidine  butyrate  at  135*  in  vacuum  (50  mm)  for  3  hours, 

3)  finely  ground  potassium  bisulfate  at  160-170*  in  vacuum  (100  mm)  for  4  hours;  4)  acetic  anhydride  (in  a  metal 
ampul  at  170-175*)  for  10  hours;  5)  phosphoric  anhydride  (0.5<7o  by  weight  of  taken  ester)  on  boiling  water  bath 
in  vacuum  (20  mm)  for  3  hours.  In  all  cases  either  resinification  products  or  returned  initial  ester  (in  Experiments 
2,3  and  4)  were  obtained. 

Condensation  of  dihydroresorcinol  with  2-methyl-4-bromobutene-2.  Dihydroresorcinol  was  prepared  by  the 
previously  described  method  [17].  In  a  3 -necked  flask  fitted  with  mechanical  stirrer,  dropping  funnel  and  reflux 
condenser  was  prepared  a  solution  of  sodium  alcoholate  from  3.1  g  sodium  in  34  ml  anhydrous  methanol.  To  the 
cooled  solution  of  sodium  methylate  was  added  15  g  dihydroresorcinol(m.p.  102-103*);  the  mixture  was  heated 
on  a  water  bath  for  15  minutes.  The  solution  was  cooled  and  to  it  added  in  the  course  of  15  minutes 22  g  2-methyl- 
4-bromobutene-2;  the  reaction  mass  heated  up  to  65-70*  and  in  the  course  of  5  minutes  its  color  sharply  changed 
from  yellow  through  bright -red  to  colorless.  The  reaction  mass  was  stirred  at  room  temperature  for  1  hour.  The 
alcohol  was  driven  off  under  a  slight  vacuum  and  to  the  residue  was  added  200  ml  3%  solution  of  caustic  soda  and 
the  product  was  carefully  extracted  with  ether.  The  ethereal  extract  was  washed  with  water  and  dried  with  mag¬ 
nesium  sulfate.  The  aqueous  solution  was  acidified  at  0*  with  concentrated  hydrochloric  acid  until  the  reaction 
was  slightly  acid  on  Congo.  The  crystals  which  came  down  were  separated  off  and  washed  with  several  portions  of 
cold  water.  Yield  9.5  g  2-(y,y-dimethylallyl)-cyclohexane-l,3-dione  (IV)  with  m.p.  137-139*.  Yield  40%.  The 
pure  diketone  had  m.p.  140“  (from  50%  methanol). 

Found  %:  C  73.34.  73.15;  H  8.71,  8.84.  CuHisOj.  Calculated  %:  C  73.29;  H  8.94. 

The  substance  gave  a  violet  coloration  with  an  alcoholic  solution  of  ferric  chloride  and  was  unchanged  by 
the  action  of  hydrochloric  acid  in  the  cold.  Fractionation  of  the  ethereal  extract  of  neutral  products  yielded:  1st 
fraction  b.p.  64-94*  at  1  mm,  n^  1.4990  (0.5  g);  2nd  fraction  b.p.  94-95*  at  1  mm,  n^  1.5010  (4.2  g);  residue 
1  g- 

The  2nd  fraction  was  l-(y.y-dimethylailyloxy)-A’-cyclohexen-3--one  (V),  b.p.  94-95*  at  1  mm,  n^ 

1.5010,  4®  1.0212.  MRq  51.51;  calc.  51.97.  Yield  17%l 

Found  %c  C  73.45,  73.25;  H  9.14,  9.03.  CuHijOj.  Calculated  %c  C  73.29;  H  8.94. 
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The  action  of  3% hydrochloric  acid  on  enol  ether  (V)  brought  about  its  hydrolysis  with  formation  of  cyclo- 
hexan-l,3-dione  (m.p,  100-101*). 

Condensation  of  dihydrorcsorcinol  ..iiii  2-ni2UiVl~'>~thlurubai£ncV/?..'ron:lcnsation  and  separation  of  ;';ij  pro¬ 
ducts  were  carried  out  in  the  same  manner  as  for  preparation  of  (IV)  and  (V).  5  g  dihydroresorciix)!  /..s  r.  lieii  for 
reaction  with  6  g  2-methyl-4-chlorobutane-2,biit  the  reaction  mixture  was  boiled  for  1  hour.  We  obtained  i  g 

2- (y,y-dimethylallyl)-cyclohexane-l,3-dione  (IV)  with  m.p.  139-140’  (yield  12%)  and  2.5  g  l-(y,y-dimethyl- 
allyloxy)-A’-cyclohexen-3-one  (V)  with  b.p.  120-122’  at  4  mm,  np  1.5010  (yield  31%). 

Cyclization  of  2-(y,y-dimethylallyl)-cyclohexane-l,3-dione  (IV).  A  mixture  of  9  g  2-()',y-dimethylallyl)- 
cyclohexane-1,3 -dione  (IV)  (m.p.  139-140’)  and  0.6  g  phosphoric  anhydride  was  heated  in  vacuum  (10  mm)  for 
1.5  hours  at  116-120’.  The  refractive  index  in  this  time  changed  from  1.4910  to  1.5260  and  did  not  rise  further. 
The  reaction  mass  was  treated  with  a  saturated  solution  of  soda,  extracted  with  ether,  the  ethereal  extracts  were 
washed  with  water  and  dried  with  magnesium  sulfate.  The  ether  was  driven  off  and  the  residue  was  distilled  in 
vacuum;  we  obtained  7  g  2,2-dimethyltetrahydrochroman-5-one  (X)  with  b.p.  93-94’  at  2  mm;  np  1.5220,  oj® 
1.0930,  MR  50.23;  calc.  49.78.  Yield  77% 

Found  %c  C  73.29,  73.37;  H  9.13,  8.90.  CuHigOj.  Calculated  %c  C  73.29;  H  8.94. 

The  semicarbazone  was  in  the  form  of  lustrous  white  crystals  which  had  m.p.  219’  with  decomposition  (from 
mixture  of  alcohol  and  dioxane). 

Found  %t  N  17.98,  17.95.  CijHwOjNs.  Calculated  %c  N  17.70. 

2,4-Dinitrophenylhydrazone  had  m.p.  240-241’,  Aj^iax.  isooctane)  373  rn|i(Crnax.  23000). 

Condensation  of  methyldihydroresorcinol  with  1 -bromo butene -2.  Methyldihydroresorcinol  was  prep.. re.,  .ly 
dihydroresorcinol  inethylaticn  laccording  to  the  method  described  by  I.N.  Nazarov  and  S.I.  Zavyalov  [6].  in  a 

3 - necked  flask  fitted  with  mechanical  stirrer;  dropping  funnel  and  reflux  condenser  was  prepared  the  potassium 
derivative  of  methyldihydroresorcinol  from  9  g  caustic  potash  in  40  ml  water  and  20  g  mcthyldih'ydrorcsctcinol. 
Mixture  was  stirred  at  room  temperature  for  10  minutes  and  then  22  g  4-bromobutene -2  (b.p.  104-106’;  np 
1.4810  [18])  in  50  ml  dioxane  was  added.  The  reaction  mixture  was  stirred  at  20’  for  30  minutes  and  then  for  1.5 
hours  on  a  boiling  water  bath  (until  disappearance  of  the  alkaline  solution).  The  mixture  was  cooled  and  extracted 
with  ether.  The  ethereal  extract  was  subsequently  washed  with  hydrochloric  acid  (1:1), saturated  soda  sol  tl.  n, 
water  and  dried  over  sodium  sulfate.  The  ether  was  driven  off,  the  residue  was  vacuum-distilled  and  7.5  g  2- 
methyl-2-crotylcyclohexane -1,3 -dione  (VI)  was  obtained  with  b.p.  100-100.5’  at  2  mm;  np  1,4878,  dj®  l,02(i1. 
MR  50.58;  calc.  50.35.  Yield  27% 

Found  %:  C  72.34,  72.40;  H  8.77,  8.84.  CuHieOj.  Calculated  %  C  73.35;  H  8.94. 

When  the  condensation  was  carried  out  in  a  medium  of  anhydrous  methanol  under  the  conditions  of  the 
preparation  of  (IV),  a  product  was  obtained  with  b.p.  109.5-111’,  np  1.4750,  which  was  probably  a  mixture  of  (VI) 
with  (Vila).  Attempts  failed  to  effect  the  cyclization  ofCompound  (VI)  by  means  of  heating  it  (at  120-160’)  ./.th 
phosphoric  anhydride  (0.5 -10% of  weight  of  taken  diketone)  for  4-8  hours. 

Hydrogenation  of  2-methyl-2-crotylcyclohexane-1.3-dione  (VI).  3  g  2-methyl-2-crotylcyclohexane-1.3- 
dione  in  20  ml  alcohol  was  hydrogenated  in  the  presence  of  platinum  oxide.  400  ml  hydrogen  was  absorbed  in  the 
course  of  30  minutes  (theoretically  393  ml,  based  on  1  mole).  The  catalyst  was  filtered  off, the  alcohol  was  driv¬ 
en  off  under  a  slight  vacuum  and  the  residue  was  distilled  and  yielded  2.5  g  2-methyl-2-butylcyclohexane-l,3- 
dione  (VII)  with  b.p.  94-95’  at  2  mm,  n^  1.4732. 

Found  %:  C  72.51,  72.66;  H  10.42,  10.42.  CnHigOj.  Calculated  %:  C  72.48;  H  9.95. 

Condensation  of  2-methylcyclohexane-l,3-dione  with  l,3-dichlorobutene-2.  In  a  3 -necked  flask  fitted 
with  mechanical  stirrer,  reflux  condenser,  dropping  funnel  and  thermometer  was  prepared  the  potassium  derivative 
of  2-methylcyclohexane -1,3 -dione  from  14  g  caustic  potash  in  60  ml  water  and  31.5  g  2-methylcyclohexane-]  ,3- 
dione.  The  solution  was  stirred  at  room  temperature  for  15  minutes,  and  then  33  g  l,3-dichlorobutene-2  in  60  ml 
dioxane  was  added.  The  reaction  mass  was  heated  for  2  hours  on  a  water  bath  (until  disappearance  of  the  alkaline 
reaction),  cooled  and  extracted  with  ether.  The  ethereal  extract  was  washed  several  times  with  dilute  (1:1)  hy¬ 
drochloric  acid  and  then  with  saturated  soda  solution,  with  water  and  dried  with'  magnesium  sulfate,  Fractioriatipn 
yielded  18.6  g  2 -methyl-2(y-chlorocrotyl) -cyclohexane -1,3 -dione  (VUI)  with  b.p,  127-129’  at  2.5  mm,  n^  1.5060, 
dj®  1.1476,  MR  55.59;  calc,  55.22.'  Yield  35% 

Found  %  C  61.31,  61.49;. H  7.28,  7.38;  Cl  16.48,  16.39.  CnHisOjCl.  Calc.  %  C  61.53;  H  7.04;  Cl  16.52. 
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Attempts  failed  to  effect  the  cyclization  of  this  substance  by  heating  it  (120-160°)  in  vacuum  (15-25  mm) 
with  phosphoric  anhydride. 

Condensation  of  2-methylcyclohexane-l,3-dione  with  2 -methyl-4 -bromobutene -2.  In  a  3 -necked  flask 
fitted  with  mechanical  stirrer,  dropping  funnel,  thermometer  and  reflux  condenser  was  prepared  a  solution  of  so¬ 
dium  methylate  from  6.9  g  sodium  and  80  ml  anhydrous  methanol.  To  the  cooled  solution  of  sodium  methylate 
was  added  37.8  g  2-methylcyclohexane-l,3-dione  (m.p.  207-208°)  and  the  reaction  mixture  was  heated  for  15 
minutes  on  a  water  bath  at  70*.  The  mixture  was  then  cooled  and  with  vigorous  stirring  was  added  drop-wise 
46  g  2-methyl-4-bromobutene-2  and  the  mixture  heated  up  to  65*.  The  reaction  mass  was  stirred  for  2  hours  at 
room  temperature.  The  alcohol  was  driven  off  under  a  slight  vacuum  and  to  the  residue  was  added  70  ml  water 
and  it  was  extracted  with  ether.  The  ethereal  extract  was  washed  3  times  with"  a  saturated  solution  of  soda  and 
dried  with  potash.  The  ether  was  driven  off  and  the  residue  was  vacuum -distilled.  Yield  39  g  2 -methyl-2 -( y,  y- 
dimethylallyl)-cyclohexane-l,3-dione  (IX)  with  b.p.  108-110°  at  3  mm,  np  1.4908.  On  standing  the  substance 
completely  crystallized  and  melted  at  40-41*  (from  n-hexane).  Yield  67%. 

Found  %:  C  74.35,  74.06;  H  9.35,  9.25.  CuHuO,.  Calculated  %:  C  74.18;  H  9.33. 

The  substance  gave  no  reaction  with  an  alcoholic  solution  of  ferric  chloride  and  was  not  hydrolized  by  a 
dilute  solution  of  hydrochloric  acid.  When  this  condensation  was  carried  out  in  aqueous -dioxane  medium  [under 
conditions  of  preparation  for  2-methyl-2-crotylcyclohexane-l,3-dione  (VI)],  the  yield  of  2-methyl-2-(y,y-di- 
methylallyl)-cyclohexane-l,3-dione  (IX)  fell  to  33%. 

Condensation  of  2-methylcyclohexane-l,3-dione  with  2-methyl-4-chlorobutene-2.  The  condensation  was 
carried  out  in  the  manner  described  in  the  preceding  experiment,  starting  from  5  g  2-methylcyclohexane-l,3- 
dione  and  5.5  g  2-methyl-4-chlorobutene-2,  but  for  completion  of  the  reaction  the  mixture  was  heated  for  2 
hours  at  70°.  We  obtained  2.7  g  2-methyl-2-(y,y-dimethylallyl)-cyclohexane-l,3-dione  (IX)  with  b.p.  108-110* 
at  3  mm;  m.p.  40°,  np  1.4909.  Yield  36%. 

Cyclization  of  2 -methyl -2 -(y,y-dimethy la llyl) -cyclohexane -1, 3 -dione  (IX).  A  mixture  of  10  g  2-methyl- 
2 -( y,  y-dimethylallyl), -cyclohexane -1,3 -dione  (IX)  and  0.6  g  phosphoric  anhydride  was  heated  in  vacuum  (10  mm) 
at  116-120°  for  1.5  hours;  0.6  g  water  separated  out  (0.9  g  water  can  theoretically  split  out)  and  the  refractive 
index  increased  from  1.4908  to  1.5290.  The  reaction  mass  was  treated  with  saturated  soda  solution  and  the  pro¬ 
duct  was  extracted  with  ether,  dried  with  potash  and, after  driving  off  the  ether,  was  vacuum-distilled:  1st  frac¬ 
tion  had  b.p.  92-97°  at  1  mm,  np  1.5260  (2  g);  the  2nd  fraction  had  b.p.  97-100*  at  1  mm,  np  1.5280  (2  g); 
the  3rd  fraction  had  b.p.  100-130*  at  1  mm,  n^  1.5240  (1  g),  residue  4  g. 

The  1st  and  2nd  fraction  crystallized  at  the  time  of  distillation  and  the  3rd  fraction  did  not  crystallize  at 
all.  In  all  3  g  of  crystalline  ketone  was  obtained  with  m.p.  47-48°  (yield  33%).  A  two-fold  crystallization  from 
n-hexane  yielded  2.3  g  pure  6,9-dimethyl-l-keto-A^^®^’®-hexahydronaphthalene  (XII)  with  m.p.  50-51*,  \nax. 
(in  isooctane)  252  m/i. 

Found  %:  C  81.85,  81.70;  H  9.20,  9.24.  C^HijO.  Calculated  %:  C  81.77;  H  9.15. 

A  mixed  sample  with  initial  diketone  (IX)  gave  a  depression  (it  melted  at  22-25°).  The  obtained  6,9-di- 
methyl-l-keto-A*^^®^’®-hexahydronaphthalene  (XII)  was  very  readily  soluble  in  petroleum  ether,  alcohol,  ether 
and  less  in  n-hexane.  Ketone  (XII)  was  very  unstable  and  upon  standing  for  2  days,  was  converted  to  a  yellow  oil 
from  which  the  crystalline  substance  could  no  longer  be  obtained.  Elementary  analysis  showed  a  decided  de¬ 
crease  in  carbon  content  (found  %:  C  79.46,  79.25;  H  9.07,  9,11),  This  ketone  could  be  stored  in  a  nitrogen  at¬ 
mosphere  with  deep  freezing  (-70°).  The  unusual  instability  of  ketone  (XII)  is  due  to  its  spatial  structure  and  in¬ 
dicates  the  strain  of  such  a  diene  configuration. 

The  semicarbazone  of  ketone  (XII)  was  in  the  form  of  white  crystals  which  had  m.p.  193-194*  (from  alco¬ 
hol)  with  decomposition. 

Found  %:  N  18.38,  18.28,  CigHj^N,.  Calculated  %:  N  18.01. 

The  2,4 -dinitrophenylhydra zone  had  m.p.  137-138"  from  a  mixture  of  alcohol  and  benzene  1:1,  \nax. 

(in  isooctane)  346  m/r. 

Found  %:  N  15.91,  15,65.  Ci,H,o04N4.  Calculated  %:  N  15.72. 

Upon  being  heated  with  pyridine  butyrate  at  130°  in  vacuum  (10  mm)  for  4  hours,  2 -methy  1 -2 -(y, y-di¬ 
methylallyl) -cyclohexane -1,3 -dione  did  not  cyclize  and  returned  unchanged. 
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Reduction  of  6,9-dimethyl-l-keto-A*^^°^*^-hexahydronaphthalene  (XII),  according  to  Kizhner.  A  mixture 
of  5  ml  diethylene  glycol,  1.6  g  6,9-dimethyl-l-keto-A‘‘^^*’^’®-hexahydronaphthalene  (XII)  (m,p.  50*),  1.5  ml 
hydrazine  hydrate  and  1.5  ml  alcohol  was  heated  on  a  water  bath  for  1  hour, and  then  to  this  was  added  sodium 
diethylene  glycolate  (prepared  from  0,6  g  metallic  sodium  in  10  ml  diethylene  glycol).  In  the  course  of  2  hours 
the  temperature  was  raised  from  120  to  190°  and  the  low -boiling  fraction  slowly  was  driven  off.  The  mixture 
was  heated  at  190-205°  for  6  hours  more.  The  whole  operation  was  carried  out  in  a  stream  of  nitrogen.  On 
completion  of  heating,  the  reaction  mass  and  distillate  were  treated  with  20  ml  water  and  extracted  with  ether. 
The  combined  ethereal  extracts  were  washed  twice  with  18<7o  hydrochloric  acid  and  once  with  a  solution  of  pot¬ 
ash  and  dried  with  potash.  The  ether  was  driven  off  and  the  residue  was  vacuum -distilled  in  a  stream  of  nitro¬ 
gen  over  metallic  sodium.  Yield  1  g  of  O.O-dimethyl-A*^^®  ’®-hexahydronaphthalene  (XIII)  with  b.p.  107.5-108* 
at  15  mm,  n^  1.5048. 

Dehydrogenation  of  6,9-dimethyl-A^^°^’^-hexahydronaphthalene  (XIII).  A  solution  of  1  g  6,9-dimethyl- 
A*(^°)’®-hexahydronaphthalene  in  15  ml  dry  benzene  and  0.5  g  10%  palladized  charcoal  was  heated  in  a  rotary 
autoclave  in  an  atmosphere  of  nitrogen  for  21  hours  at  360-370°.  The  catalyst  was  filtered  off  and  the  solvent 
was  driven  off  in  vacuum.  The  residue  yielded  0.65  g  liquid  (np  1.5650),  which  upon  distillation  yielded  0.23  g 
of  substance  with  b.p.  117-118°  at  18  mm  (np  1.5750),  from  which  a  picrate  was  prepared  with  m.p.  114-115*. 
The  literature  on  the  picrate  of  0-methylnaphthalene  gives  m.p.  115°  [9].  A  mixed  sample  with  a  known  spec¬ 
imen  of  the  picrate  of  fl-methylnaphthalene  gave  no  depression  (it  melted  at  114-115°). 

Condensation  of  maleic  anhydride  with  6,9 -dimethyl-1 -keto-A^’^-hexahydronaphthalene  (XII).  1  g  6,9- 
dimethyl-l-keto-A*’®-hexahydronaphthalene  (XII),  0.5568  g  maleic  anhydride  and  6  ml  anhydrous  benzene 
were  heated  for  4.5  hours  in  a  metal  ampul  at  200°  in  presence  of  traces  of  pyrogallol.  The  benzene  was  driven 
off,  the  residue  was  dissolved  in  2  ml  acetone  and  set  aside  to  crystallize.  After  several  days,  0.54  g  of  crystals 
came  down  with  m.p.  140-145°.  After  recrystallization  from  a  mixture  of  acetone  and  n-heptane  (1:3),  0.36  g 
adduct  (XIV)  was  obtained  with  m.p.  159-160°.  Yield  35%. 

Found  %:  C  69.68,  69.65;  H  6.81,  6.62.  C10H18O4,  Calculated  %:  C  69.95;  H  6.60. 

When  6,9-dimethyl-l-keto-A^^®^’®-hexahydronaphthalene  was  reacted  with  maleic  anhydride  at  room 
temperature  (for  3  days)  and  also  with  heating  (170°,  3  hours),  the  initial  6,9-dimethyl-l-keto-A^^®^’®-hexa- 
hydronaphthalene  was  returned. 

Hydrolysis  of  anhydride  (XIV)  with  5%  caustic  soda  solution  (100°,  2  hours)  yielded  the  corresponding  acid, 
which  upon  being  heated  above  100°,  was  converted  to  the  initial  anhydride. 

Preparation  of  enol  acetate  of  methyldihydroresorcinol.  A  mixture  of  20  g  methyldihydroresorcinol  (m.p. 
205-206°)  and  80  g  acetic  anhydride  was  heated  for  2  hours  at  100°.  The  excess  of  acetic  anhydride  was  driven 
off  and  the  residue  was  driven  off  in  vacuum:  the  1st  fraction  had  b.p.  56-87°  at  1  mm,  n^^  1.4750  (3  g);  the 
2nd  fraction  had  b.p.  87-89°  at  1  mm,  np  1.4895  (20.5  g). 

The  2nd  fraction  was  pure  enol  acetate  of  methyldihydroresorcinol,  b.p.  88-89°  at  1  mm,  np  1.4895, 
di®  1.1067.  Yield  76%. 

Found  %:  C  64.21,  64.31;  H  7.01,  7,13.  CgH^Oj.  Calculated  %:  C  64.26;  H  7.19. 

The  substance  readily  hydrolyzed  even  at  room  temperature  in  acid  (with  8%  hydrochloric  acid)  as  well 
as  in  alkaline  mediums  (in  10%  caustic  soda  solution),  giving  initial  methyldihydroresorciiwl. 

Reaction  of  enol  acetate  of  methyldihydroresorcinol  with  methylmagneslum  iodide.  In  a  3 -necked  flask 
fitted  with  mechanical  stirrer,  dropping  funnel  and  reflux  condenser  was  prepared  a  solution  of  methylmagnes- 
ium  iodide,  starting  from  6.4  g  magnesium,  40  g  methyl  iodide  and  200  ml  absolute  ether.  To  a  solution  of 
methylmagnesium  iodide  was  added  11.4  g  enol  acetate  of  methyldihydroresorcinol  in  50  ml  absolute  ether  in 
the  course  of  40  minutes  and  the  reaction  mixture  was  heated  for  2  hours  at  35-40°.  The  product  was  treated 
with  50  ml  hydrochloric  acid  (1:1),  extracted  with  ether,  washed  with  water,  with  a  solution  of  sodium  hypo- 
sulfite,  again  with  water,  dried  with  magnesium  sulfate  and  vacuum -distilled.  Yield  3.5  g  of  2,3-dimethyl-A*- 
cyclohexen-l-one  (XV)  with  b.p.  78-78.5°  at  8  mm.  n^  1.4995,  dj®  0.9695.  Yield  41%. 

Treatment  of  the  reaction  mass  with  water  or  with  ammonium  chloride  also  yields  2,3-dimethyl-A*-cy- 
clohexen-l-one,  the  semicarbazone  of  which  had  m.p.  228-230°  (from  alcohol)  with  decomposition.  According 
to  the  literature  data,  the  semicarbazone  had  m.p.  225°  (with  decomp.)  [19], 

Found  %:  C  59.60,  59.75;  H  8,47,  8.50;  N  23.23  ,  23.14.  CjHisON,.  Calculated  %:  C  59.65;  H  8.34; 

N  23.18. 
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2,4 -Dinotrophenylhydra zone  had  m.p.  170®  (from  alcohol). 

Found  <5^:  €  55.20,55.02;  H  5.15,  5.36;  N  18.09,  18.06.  C14H18O4N4.  Calculated ‘7o:  C  55.25;  H  5.18; 

N  18.41. 

Hydrogenation  of  2,3 -dimethyl -A* -cyclohexen-1 -one.  2.25  g  2,3-dimethyl-A*-cyclohexen-l-one  in  10 
ml  alcohol  was  hydrogenated  in  presence  of  platinum  oxide.  426  ml  hydrogen  was  absorbed  in  the  course  of 
23  hours  (theoretically  405  ml,  based  on  1  mole).  The  solvent  was  driven  off,  the  residue  was  vacuum -distilled. 
Yield  1.4  g  2,3-dimethylcyclohexan-l-one  with  b.p.  63-63.5®  at  15  mm,  nf^  1.4510. 

The  semicarbazone  had  m.p.  201-202®  (from  alcohol). 

Found  <7o:  N  22.99,  22.88.  C5H17ONJ.  Calculated  N  22.93. 

According  to  the  literature  data,  the  semicarbazone  of  2,3-dimethylcyclohexan-l-one  has  m.p.  203-204® 

[19]. 


SUMMARY 

A  study  was  made  of  the  condensation  of  allylic  halo-derivatives  (2 -methyl-4 -bromobutene -2  ,  2-methyl- 
4-chlotobutene-2,  crotyl  bromide  and  l,3-dichlorobutene-2)  with  acetoacetic  ester,  methylacetoacetic  ester, 
dihydroresorcinol  and  methyldihydroresorcinol,  and  the  corresponding  substituted  acetoacetic  esters,  dihydrore¬ 
sorcinols  and  methyldihydroresorcinols  (I -IX)  were  obtained.  With  the  help  of  phosphorus  pentoxide,  intramole¬ 
cular  condensation  (with  loss  of  water)  was  effected  of  2-methyl-2-(y, y-dimethylallyl) -cyclohexane -1,3 -dione 
(IX)  to  6,9-dimethyl-l-keto-A'*^^*’^’®-hexahydronaphthalene  (XII),  whose  structure  was  verified  by  reduction  and 
dehydrogenation  to  2-methylnaphthalene  and  by  a  series  of  other  transformations.  Under  similar  conditions  2- 
(y,y-dimethylallyl) -cyclohexane -1,3 -dione  (IV)  was  cyclized  to  2,2-dimethyltetrahydrochroman-5-one  (X)  in 
77%  yield.  The  substituted  cyclohexane -1,3 -diones  (VI)  and  (VIII),  containing  crotyl  radicals,  were  found  to  be 
incapable  of  cyclization,  probably  due  to  their  spatial  structure  (trans -arrangement  of  the  methyl  groups  of  the 
side  chain  in  relation  to  the  carbonyl  of  the  cyclohexane  ring). 
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HETEROCYCLIC  COMPOUNDS 

37.  SYNTHESIS  OF  HETEROCYCUC  AMINOALCOHOLS  AND  THEIR  ESTERS 

I.N.  Nazarov  and  E.T.  Golovin 


In  the  preceding  communication  we  described  the  synthesis  of  a  senes  of  heterocyclic  0'am^noketones  by 
the  Mannich  reaction.  From  these  heterocyclic  d-aminoketones  we  can  pass,  by  reduction  or  by  condensation  at 
the  carbonyl  group,  to  secondary  or  tertiary  heterocyclic  y*aminoalcohob  respectively.  By  subsequent  esterifica* 
tion  with  various  organic  acids  one  can  then  obtain  a  new  series  of  esters  for  pharmacological  investigation. 

Many  esters  of  secondary  and  tertiary  y-aminoalcohols  of  the  aliphatic  and  alicyclic  series  exhibit  physio* 
logical  activity  to  various  extents,  and  the  synthesis  of  such  esters  accordingly  has  a  definite  pharmacological 
value  [1-5],  Also  well  known  is  the  high  anesthetic  activity  of  some  esters  of  y-piperidols  synthesized  in  our 
laboratory  and  by  other  authors  [6-8], 


The  heterocyclic  6"aminomethyl-y-ketones  l,2,5-trimethyl-3-(dimethylaminomethyl)-4-piperidone  (I), 
2,2-dimethyl-5-(dimethylaminomethyl)-tetrahydrothiopyran-4-one  (II)  and  2,2-dimethyl-5-(dimethylamino- 
methyl)-tetrahydropyran-4-one  (III)  were  obtained  by  us  by  aminomethylation  (Mannich  reaction)  of  the  cor¬ 
responding  heterocyclic  y-ketones  with  the  help  of  formaldehyde  and  dimethylamine. 
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By  condensation  with  phenyllithium  and  phenyl  magnesium  bromide  (taken  in  50<^over  the  theoretical 
amount),  the  above  heterocyclic  S-aminomethyl-y-ketones  (I,  II  and  III)  were  transformed  into  the  correspond¬ 
ing  tertiary  y-aminoalcohols:  l,2,5-trimethyl-3-(dimethylaminomethyl)-4-phenyl-4-piperidol  (IV)  (yield  61% 
with  phenyllithium),  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (V)  (yield  63% 
with  phenyllithium)  and  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydropyran-4-ol  (VI)  (yield  34.5% 
with  phenyl  magnesium  bromide). 
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The  prepared  phenylaied  y-aminoalcohols  (IV,  V  and  VI)  are  viscous  liquids  distilling  in  vacuum  without 
decomposition  and  stable  when  kept.  They  are  all  n?ixtures  of  stereoisomers,  due  to  the  presence  in  the  piper- 
idinic  y-aminoalcohol  (IV)  of  four  a  symmetric,  and  in  the  two  other  alcohols,  (V)  and  (VI)  of  two  asymmetric, -car¬ 
bon  atoms  (marked  with  crosses  in  die  formulas). 

From  the  work  of  our  laboratory  [8]  and  of  other  investigators  [6,7,9]  it  is  known  that  heterocyclic  tertiary 
alcohols  sometimes  do  not  readily  undergo  esterification.  The  best  results  were  obtained  by  the  action  of  chlorides 
of  organic  acids  on  the  lithium  alcoholates  of  4-phenyl-4-piperidols  formed  by  reaction  of  phenyllithium  with  4- 
piperidones,  and  also  by  the  action  of  the  acid  chlorides  on  the  free  alcohols  in  benzene  solution  in  presence  of 
metallic  magnesium  [10].  Applying  both  these  methods  to  the  esterification  of  the  prepared  heterocyclic  y-am¬ 
inoalcohols  (IV,  V  and  VI),  we  synthesized  the  following  esters:  the  propionate  (VII)  and  benzoate  (VIII)  of 
l,2,5-trimethyl-3-(dimethylaminomethyl)-4-phenyl-4-piperidol;  the  acetate  (IX),  the  propionate  (X)  and  the 
benzoate  (XI)  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol,  and  also  the  pro¬ 
pionate  (XII)  of  2,2-dimethyl-5-(dimcthylaminomethyl)-4-phenyl-tetrahydroDvran-4-ol. 
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The  entire  course  of  the  transformation  may  be  represented  in  the  following  general  scheme: 
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The  synthesized  esters  are  very  viscous  liquids.  Distillation  in  vacuum  involves  great  difficulties  and  the 
possibility  of  decomposition.  The  described  esters  of  heterocyclic  y-aminoalcohols  are  a  completely  new  type 
of  compound  in  which  a  heterocycle  is  associated  with  an  ester  group  and  an  amino  group.  Such  compounds  may 
be  expected  to  possess  distinctive  physiological  activity,  and  they  are  of  definite  interest  from  the  pharmacolog¬ 
ical  viewpoint. 

Isolation  of  crystalline  derivatives  of  the  prepared  alcohols  and  esters  is  extremely  difficult,  due  to  the 
fact  that  they  are  mixtures  of  various  stereoisomeric  forms. 


E  XPERIMENTAL 

1.2,5-Trimethyl-3-(dimethylaminomethyl)-4-phenyl-4-piperidol  (IV).  In  a  3 -necked  flask  fitted  with 
mercury -sea  led  stirrer,  dropping  funnel,  nitrogen  lead  tube  and  reflux  condenser  with  calcium  chloride  tube  was 
placed  15  ml  absolute  ether  and  1  g  fine  lithium  filings.  Upon  stirring,  a  solution  of  12.5  g  bromobenzene  in 
15  ml  absolute  ether  was  added.  The  mixture  was  then  heated  for  1  hour  while  the  ether  boiled.  The  reaction 
was  carried  out  in  an  atmosjrfiere  of  dry  nitrogen  until  complete  solution  of  the  lithium.  To  the  phenyllithium, 
prepared  in  this  manner,  a  solution  of  10  g  l,2,5-trimethyl-3-(dimethylaminomethyl)-4-pipetidone  (I)  [b.p.  84- 
89*  (4  mm)]  in  20  ml  absolute  ether  was  added  drop-wise  with  cooling.by  a  mixture  of  ice  and  salt  (-10“)^and 
vigorous  stirring.  The  reaction  mass  was  stirred  for  5  hours  at  room  temperature  and  for  1  hour  while  the  ether 
boiled.  On  the  next  day,  the  resulting  lithium  alcoholate  was  decomposed  with  dilute  hydrochloric  acid  (1:1) 
with  ice-water  cooling.  The  ethereal  layer  was  separated.  The  aqueous  layer  was  treated  with  ether  to  com- 
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pletely  remove  neutral  products  and  was  then  neutralized  with  soda  and, in  presence  of  ether  with  external  water 
cooling, it  was  saturated  with  caustic  soda.  The  basic  products  were  extracted  repeatedly  with  ether  and  after 
passage  of  a  stream  of  carbon  dioxide  and  drying  with  sodium  sulfate,  they  were  vacuum -fractionated.  Yield 
8.5  g  (61%)  l,2,5-trimethyl-3 -(dimethylaminomethyl)-4-phenyl-4-piperidol  (IV)  in  the  form  of  a  very  viscous 
yellowish  liquid  with  an  amine  odor.  B.p.  150-154'  (1  mm),  n^  1.5246. 

Found  %:  0  73.64.73.60;  H  9.70,  9.40;  N  9.98,  10,02.  CiyH^gONi.  Calculated  %:  C  73,86;  H  10.21; 

N  10.14. 

Besides  this,  1.5  g  of  initial  6-aminomethyl-y-piperidone  (I),  b.p.  70-76'  (1  mm),  np  1.4741,  was  returned 
from  the  reaction.  There  remained  2  g  of  resinous  residue  after  fractionation. 

After  recrystallization  from  alcohol,  the  picrate  of  phenylpiperidol  (IV)  had  m.p.  87-88'. 

Found  %:  N  13.94,  13.96.  CigHjiOgNs.  Calculated  %:  N  13.86, 

2.2- Dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (V).  To  a  solution  of  phenyl - 
lithium,  prepared  from  1  g  metallic  lithium  and  13  g  bromobenzene  in  80  ml  absolute  ether  was  added  drop-wise 
a  solution  of  10  g  2,2-dimethyl-5-(dimethylaminQmethyl)-tetrahydrothiopyran-4-one  (II)  (b.p.  99-101'  at  4  mm) 
in  20  ml  absolute  ether  with  vigorous  stirring  and  cooling  (mixture  of  ice  and  salt).  The  reaction  mixture  was 
stirred  for  5  hours  at  room  temperature  and  2  hours  more  while  the  ether  boiled.  The  next  day  the  product,  upon 
cooling  with  ice  water,  was  hydrolyzed  with  15%  hydrochloric  acid  (cooling  with  ice  water).  Further  treatment 
was  the  same  as  in  the  preceding  experiment.  Yield  8.7  g  (63%)  2,2-dimethyl-5-(dimethylaminomethyl)-4- 
phenyltetrahydrothiopyran-4-ol  (V)  in  the  form  of  a  very  viscous  yellowish  liquid.  B.p.  145-150'  (1  mm). 

Found  %:  C  69.53,  69.40;  H  8.90,  8.68;  N  4.88,  4.85.  CigHisONS.  Calculated  %:  C  68.77;  H  9.02; 

N  5.01. 

The  picrate  of  phenyithiopyranol  had  m.p.  190-191'  (from  alcohol). 

Found  %:  N  11.16,  10.89.  C22H28O8N4S,  Calculated  %:  N  11.02. 

2.2- Dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydropyran-4-ol  (VI).  To  a  solution  of  phenylmag- 
nesium  bromide,  prepared  from  1.8  g  magnesium  and  12.5  g  bromobenzene  in  20  ml  absolute  ether  was  added 
drop-wise  with  vigorous  stirring  and  ice-water  cooling  a  solution  of  9  g  2,2-dimethyl-5-(dimethylaminomethyl)- 
tetrahydropytan-4-one  (III)  (b.p.  83-86'  at  4  mm)  in  15  ml  absolute  ether.  The  reaction  mass  was  stirred  for  2 
hours  while  the  ether  boiled  ;  upon  cooling  with  ice  water,  it  was  decomposed  with  15%  hydrochloric  acid  and 
treated  in  the  usual  manner.  Yield  4.4  g  (34.5%)  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydro- 
pyran-4-ol  (VI)  in  the  form,  of  a  viscous  yellowish  liquid.  B.p.  126-133'  (1  mm). 

Found  %:  C  72.18,  72.53;  H  9.22,  9.56;  N  5.23,  5.21.  CigHgsOgN.  Calculated  %:  C  72.96;  H  9.57; 

N  5.32. 

3  g  initial  6-aminomethyl-y-pyrone  (III)  (b.p.  61-65',  1  mm)  was  returned  from  the  reaction.  After  frac¬ 
tionation,  there  was  2.5  g  resinous  residue. 

^opionate  of  1, 2, 5-trimethyl-3-(dimethylaminomethyl)-4 -phenyl-4 -piperidol  (VII).  a)  A  solution  of  2.8  g 
phenylpiperidol  (IV)  in  3  ml  dry  benzene  was  heated  at  90'  with  5  ml  propionyl  chloride  in  presence  of  0.12  g 
fine  magnesium  filings  for  10  hours.  The  next  day,  the  hard  brown  vitreous  mass  was  rubbed  to  a  powder  under  a 
layer  of  absolute  ether  and  multiple  treatments  with  absolute  ether  removed  a  considerable  portion  of  the  resin¬ 
ous  substances  and  yielded  a  purer  product.  The  precipitate,  containing  magnesium,  was  then  dissolved  in  a 
small  quantity  of  water,  the  free  base  was  liberated  with  soda  (in  presence  of  ether  with  external  cooling  with 
cold  water)  and  repeatedly  extracted  with  ether.  After  drying  with  sodium  sulfate,  the  ethereal  solution  was 
carefully  filtered  and  the  ether  was  driven  off.  The  residue,  which  was  a  colorless  viscous  oil,  was  held  for  a 
long  period  in  a  vacuum -desiccator  over  calcium  chloride.  Yield  2  g  of  propionate  of  l,2,5-trimethyl-3-(di- 
methylaminomethyl) -4 -phenyl -4-piperidol  (VII). 

Found  %:  N  8.30,  8.12.  C20HS2O2N2.  Calculated  %:  N  8.43. 

b)  To  a  solution  of  phenyllithium,  prepared  from  1  g  lithium  and  13  g  bromobenzene  in  80  ml  absolute 
ether  with  vigorous  stirring  and  cooling  (ice -salt  mixture  ,  -10')  was  added  drop-wise  a  solution  of  10  g  1,2,5- 
trimethyl-3-(dimethylaminomethyl)-4-piperidone  (I)  in  20  ml  absolute  ether.  The  reaction  mass  was  stirred  for 
5  hours  at  room  temperature  and  for  1  hour  while  the  ether  boiled  and  was  set  aside  overnight.  To  the  lithium 
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alcoholate  of  phenylpiperidol  (IV),  prepared  in  this  manner,  with  ice-water  cooling  was  added  drop-wise  26  ml 
propionyl  chloride,  dissolved  in  an  equal  volume  of  absolute  ether.  The  mixture  was  stirred  for  3  hours  at  room 
temperature  and  for  5  hours  while  the  ether  boiled.  On  the  next  day  pieces  of  ice  were  added  to  the  reaction 
mass  while  cooling  with  ice  water  and  then  water  was  run  in  until  complete  solution  of  the  precipitate.  The 
ethereal  layer  was  separated,  the  aqueous  layer  was  treated  with  ether  to  remove  the  neutral  products  and  was 
saturated  with  soda  (in  presence  of  ether  and  with  cooling).  The  base  was  repeatedly  extracted  with  ether  and 
dried  with  sodium  sulfate.  Into  the  carefully  filtered  ethereal  solution  of  the  base  was  passed  a  stream  of  dry 
hydrogen  chloride.  The  flakes  of  hydrochloride  of  the  propionate  of  l,2,5-trimethyl-3-(dimethylaminomethyl)- 
4-phenyl-4-piperidol  (VII)  which  separated  out  could  be  preserved  only  under  a  layer  of  absolute  ether  or  in  a 
desiccator  over  drying  agents.  It  quickly  deliquesced  to  an  oil  in  air.  We  failed  to  obtain  the  hydrochloride  in 
a  stable  crystalline  state. 

Benzoate  of  l,2,5-trimethyl-3-(dimethylaminomethyl)-4-phenyl-4-piperidol  (VIII).  a)  A  solution  of  2.8  g 
phenylpiperidol  (IV)  in  3  ml  benzene  was  heated  at  90“  with  7  ml  benzoyl  chloride  in  presence  of  0.12  g  mag¬ 
nesium  filings  for  10  hours.  On  the  next  day  the  hard  vitreous  brown  mass  was  treated  in  the  same  manner  as  in 
the  preparation  of  the  propionate  of  this  piperidol.  Yield  about  2.5  g  benzoate  of  1,2,5 -trimethyl-3 -(dimethyl- 
aminomethyl)-4-phenyl-4-piperidol  (VIII)  in  the  form  of  a  viscous  oil  which  did  not  crystallize  upon  long 
standing  and  upon  freezing  was  converted  to  a  vitreous  mass. 

Found  C  74.52,  74.71;  H  8.07,  8.21;  N  7.51,  7.04.  C24H32O1N2.  Calculated  ^o:  C  75,76;  H  8.48; 

N  7.36. 

b)  To  the  lithium  alcoholate  of  phenylpiperidol  (IV),  prepared  from  1  g  lithium,  13  g  bromobenzene  and 
10  g  aminopiperidone  (I)  in  100  ml  absolute  ether,  as  described  in  the  preparation  of  the  propionate  of  this  pi¬ 
peridol,  with  ice -water  cooling  was  added  drop-wise  35  ml  of  benzoyl  chloride,  dissolved  in  an  equal  volume  of 
absolute  ether.  The  reaction  mixture  was  stirred  for  2  hours  at  room  temperature  and  then  for  6  hours  while  the 
ether  boiled.  Further  treatment  of  the  mixture  was  as  in  the  preparation  of  the  propionate.  Into  the  ethereal 
solution  of  the  prepared  benzoate  of  l,2,5-trimethyl-3-(dimethylaminomethyl)-4-phenyl-4-piperidol  (VIII)  was 
passed  dry  hydrogen  chloride  until  saturation.  We  failed  to  obtain  the  hydrochloride  which  separated  out  in  a 
crystalline  form. 

Acetate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (IX).  A  solution  of 
2.8  g  phenylthiopyranol  (V)  in  3  ml  benzene  was  heated  at  90*  with  3  ml  acetyl  chloride  in  presence  of  0.12  g 
magnesium  filings  for  5  hours.  The  treatment  was  carried  out  as  in  the  preparation  of  propionate  (VII).  The 
residue  was  a  viscous  oil  which  was  the  acetate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydro- 
thiopyran-4-ol  (IX). 

Found  C  66.36;  66,63;  H  8.11,  8.31.  CigHiTOjNS.  Calculated  “yo;  C  67.25;  H  8.47. 

Propionate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (X).  a)  A  solu¬ 
tion  of  2.8  g  phenylthiopyranol  (V)  in  3  ml  benzene  was  heated  at  90“  with  3.5  ml  propionyl  chloride  in  presence 
of  0.12  g  magnesium  filings  for  5  hours.  Next  day  the  reaction  mass  was  treated  in  the  same  manner  as  in  the 
preceding  experiment.  After  driving  off  the  ether,  the  residue  was  in  the  form  of  a  viscous  oil  with  the  charac¬ 
teristic  odor  of  thio  compounds  and  was  the  propionate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phfnyltet- 
rahydtothiopyran-4-ol  (X). 

Founder  C  68.51,  68.92;  H  7.73,  7.40;  N  3.99,  4.14.  C^HisOiNS,  Calculated  <7o;  C  68.02;  H  8.71; 

N  4.18. 

b)  To  a  solution  of  phenyllithium,  prepared  from  1  g  lithium  and  13  g  bromobenzene  in  80  ml  absolute 
ether,  with  cooling  (ice -salt  mixture)  and  vigorous  stirring  was  added  drop-wise  a  solution  of  10  g  2,2-dimethyl- 
5“(dimethylaminomethyl)-tetrahydrothiopyran-4-one  (II)  in  20  ml  absolute  ether.  The  reaction  mixture  was 
stined  for  3  hours  at  room  temperature  and  for  2  hours  more  while  the  ether  boiled.  To  the  lithium  alcoholate 
of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (V),  prepared  in  this  manner,  with 
ice -water  cooling  was  added  drop-wise  26  ml  propionyl  chloride,  dissolved  in  an  equal  volume  of  absolute  ether 
and  the  mixture  was  stirred  for  2  hours  at  room  temperature  and  for  5  hours  while  the  ether  boiled.  On  the  next 
day  pieces  of  ice  were  added  to  the  reaction  mass  with  external  ice -water  cooling  and  then  water  was  added  un¬ 
til  the  precipitate  dissolved.  The  ethereal  layer  was  separated,  the  aqueous  layer  was  treated  with  ether  to  re¬ 
move  neutral  products  and  was  saturated  with  soda  (with  cooling  and  in  presence  of  ether).  The  base  was  re¬ 
peatedly  extracted  with  ether  and  dried  with  sodium  sulfate.  Into  the  carefully  filtered  ethereal  solution  of  the 
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base  was  passed  a  stream  of  dry  hydrogen  chloride  and  the  oily  hydrochloride  of  the  propionate  of  2,2-dimethyl- 
5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (X)  that  separated  out  was  rubbed  to  a  powder  under 
a  layer  of  absolute  ether.  It  was  very  hygroscopic  and  again  deliquesced  to  an  oil  in  air.  In  spite  of  all  our  ef¬ 
forts,  we  could  not  isolate  the  hydrochloride  in  a  stable  crystalline  form. 

Benzoate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (XI).  a)  A  solution 
of  2.8  g  phenylthiopyranol  (V)  in  3  ml  benzene  was  heated  at  90*  with  5  ml  benzoyl  chloride  in  presence  of 
0.12  g  fine  magnesium  filings  for  5  hours.  On  the  next  day  the  reaction  mass  was  treated  the  same  way  as  in  the 
similar  preceding  experiments.  After  driving  off  the  ether,  the  residue  was  in  the  form  of  a  viscous  oil  with  the 
odor  of  a  thio  compound  and  was  the  benzoate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydro- 
thiopyran-4-ol  (XI). 

Found  °]&  C  71.38,  71.94;  H  7.46,  7.30;  N  3.41,  3.53.  CijHjjOiNS.  Calculated  C  72.03;  H  7.62; 

N  3.65. 

b)  To  the  lithium  alcoholate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4- 
ol(V),  prepared  as  described  above  from  1  g  lithium,  13  g  bromobenzene  and  10  g  2,2-dimethyl-5-(dimethyl- 
aminomethyl)-tetrahydrothiopyran-4-one  (II)  in  100  ml  absolute  ether,  with  ice-water  cooling, was  added  drop- 
wise  35  ml  benzoyl  chloride,  dissolved  in  an  equal  volume  of  absolute  ether.  The  mixture  was  stirred  for  2 
hours  at  room  temperature  and  5  hours  while  the  ether  boiled.  Further  treatment  of  the  reaction  mixture  was 
carried  out  in  the  same  manner  as  in  the  preparation  of  the  propionate  of  this  thiopyranol.  When  a  stream  of 
dry  hydrogen  chloride  was  passed  into  the  ethereal  solution  of  the  benzoate  base,  a  voluminous  flocculent  pre¬ 
cipitate  came  down  and  was  separated  and  washed  on  a  filter  with  absolute  ether.  The  obtained  friable  precip¬ 
itate  was  very  hygroscopic  and  rapidly  deliquesced  to  an  oil  in  air.  After  drying  in  a  vacuum -desiccator  over 
caustic  potash,  the  dry  spongy  mass  was  dissolved  in  anhydrous  alcohol  and  boiled  with  activated  charcoal  until 
almost  complete  decolorization  of  the  solution.  The  alcoholic  solution  was  partially  evaporated  in  vacuum  and 
then,  after  long  standing  and  periodic  addition  of  dry  acetone, until  the  solution  became  turbid,  the  crystalline 
hydrochloride  of  the  benzoate  of  2,2-dimethyl-5"(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4-ol  (XI) 
came  down  in  the  form  of  a  fine  powder  with  m.p.  189-190°,  The  hydrochloride  was  readily  soluble  in  water, 
methanol.alcohol.and  was  insoluble  in  acetone. 

Found  <70:  Cl  8.22,  8.51.  CijHjoOiNClS.  Calculated  <7o:  Cl  8.44. 

After  separation  of  the  hydrochloride  crystals  from  the  mother  liquor,  acetone  and  alcohol  were  driven 
off.  The  residue  was  dissolved  in  water,  decomposed  with  soda  and  the  base  was  extracted  with  ether  and  dried 
with  sodium  sulfate.  The  ethereal  solution  was  carefully  filtered  and  the  ether  was  driven  off.  The  residue  was 
a  viscous  oil  of  the  base  of  benzoate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydrothiopyran-4- 
ol  (XI). 

Propionate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenyltetrahydropyran-4-ol  (XII).  A  solution  of 
2.6  g  phenylpyranol  (VI)  in  3  ml  benzene  was  heated  at  90°  with  3,5  ml  propionyl  chloride  in  presence  of  0.12  g 
magnesium  filings  for  5  hours.  Separation  was  carried  out  by  the  previously  described  method.  The  separated 
viscous  oil  was  the  propionate  of  2,2-dimethyl-5-(dimethylaminomethyl)-4-phenylteuahydropyran-4-ol  (XII). 

Found ‘yo:  C  70.29,  70.15;  H  8.44,  8.76;  N  4.55.  4.85.  CisHzsOjN.  Calculated  <7o:  C  71.44;  H  8.15; 

N  4.38. 

Into  a  solution  of  the  propionate  base  in  absolute  ether  was  passed  dry  hydrogen  chloride  until  it  was  sat¬ 
urated.  The  hydrochloride  which  separated  out  could  not  be  crystallized. 

SUMMARY 

Three  heterocyclic  tertiary  y-aminoalcohols  (IV,  V,  VI)  were  synthesized  by  interaction  of  organomagnes- 
ium  and  organolithium  compounds  with  the  corresponding  heterocyclic  fl-aminomethyl-y-ketones.  Treatment 
of  these  heterocyclic  y-aminoalcohols  (or  their  lithium  alcoholates)  with  organic  acid  chlorides  led  to  formation 
of  six  esters  (VII -XII)  with  the  objective  of  their  pharmacological  investigation. 
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THE  PROBLEM  OF  THE  REACTIVITY  OF  DI  A  LK  Y  L  A  M I  NO  ME  T  H  Y  L  ALKYL  ETHERS 


AND  OF  COMPOUNDS  OF  SIMILAR  STRUCTURE 
K.G.  Mizuch  and  R.A.  Lapina 


Introduction  into  an  organic  molecule  (R'H). containing  reactive  hydrogen  of  the  dialky laminomethyl  group 
can  be  effected  v/ith  the  help  of  various  reactions: 

R'H  +  RjNH  +  CHjO  —R’CHjNRj  +  H2O,  (1) 

R'H  +  RjNCHjNRj  —  R'CHjNRj  +  RjNH.  (2) 

R'H  +  RjNCHjOR  —  R'CHjNRj  +  ROH.  (3) 

The  mechanism  of  these  reactions  is  obscure.  Cromwell  [1]  suggested  that  R2NCH2OR  is  the  intermediate 
product  when  Reaction  (1)  is  conducted  in  an  alcoholic  medium.  Lieberman  and  Wagner  [2],  as  well  as  a  num¬ 
ber  of  other  authors  [3],  considered  the  intermediate  formation  of  bis-(dialkylamino)-methylene  and  of  dialkyl- 
aminomethanol  to  be  possible  in  Reaction  (1). 

The  structure  of  various  dialkylaminomethylated  substances  -  dialkylaminomethylalkyl  ethers  I^NCH2QR 
(I),  bis-(dialkylamino)-methylenes  R2NCH2NR2  (II),  and  the  conjectured  intermediate  product  ofReaction  (1), 
R2NCH2OH  -  may  be  represented  by  the  general  formula  R2NCH2X,  where  X  =  NR2,  OR  or  OH.  It  may  be  suggest¬ 
ed  that  in  compounds  of  this  type  the  polarization  tendency  of  the  C— X  bond  must  be  greater  in  the  case  of  the 
unsymmetrical  structure  R2NCH2X  in  which  the  carbon  of  the  methylene  group  is  subjected  to  the  polarizing  in¬ 
fluence  of  various  radicals.  Hence  it  follows  that  compounds  with  unsymmetrical  structure  of  the  type  of  dialkyl- 
aminomethyl  alkyl  ethers  must  be  more  reactive  in  nucleophilic  substitutions  than  symmetrical  compounds,  such 
as  bis-(dialkylamino)-methylene. 

G.  and  R.  Robinson  [4]  showed  that  dialky  laminomethyl  alkyl  esters  readily  form  tertiary  amines  under  the 
action  of  organomagnesium  compounds.  On  the  basis  of  these  authors'  work,  we  considered  it  would  be  of  interest 
to  approach  the  problem  of  the  reactivity  of  compounds  of  the  type  of  R2NCH2X  by  studying  the  action  of  phenyl 
magnesium  bromide  on  the  one  hand  on  diethylaminomethyl  ethyl  ether  and  diethylaminomethylnonyl  sulfide, 
and,  on  the  other  hand,  on  bis-(diethylamino)-methylene  and  bis -(piperidino) -methylene.  The  degree  of  react¬ 
ivity  can  be  judged  from  the  amount  of  tertiary  amine  formed.  In  all  cases  the  exp#riments  were  conducted 
under  identical  conditions. 

It  was  found,  in  agreement  with  the  data  of  [4]  that  diethylaminomethyl  ethyl  ether  reacted  very  violently 
with  CjHjMgBr  and  under  the  chosen  experimental  conditions  N-benzyldiethylamine  was  isolated  in  95<^()  yield. 
The  same  was  true  of  the  reaction  with  diethylaminomethylnonyl  sulfide  (yield  of  N-benzyldiethylamine  up  to 
90.8%  and  that  of  nonyl  mercaptan  97.5%). 

In  contrast  to  the  above  compounds,  reaction  of  CjHsMgBr  with  bis-(diethylamino)-methylene  did  not 
yield  any  N-benzyldiethylamine,  while  in  the  reaction  with  bis-(piperidino)-methylene  the  yield  of  N-benzyl- 
piperidine  was  about  6%. 

Higher  reactivity  might  be  expected  in  the  case  of  bis-( dialky lamino)-methylenes  containing  alkyl  resi¬ 
dues  at  the  nitrogen  atom.  These  compounds  are  not  described  in  the  literature.  It  seemed  that  one  method  for 
their  preparation  might  be  the  replacement  of  the  alkoxy  group  in  ethers  (I)  by  the  residue  of  a  secondary  amine. 
With  this  objective,  a  mixture  of  diethylaminomethyl  ethyl  ether  (III)  and  piperidine  (equimolar  amounts)  was 
heated  at  a  temperature  at  which  the  low-boiling  reaction  products  distilled  off  (100-110*  in  the  mass).  The 
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distillate  was  found  to  contain  ethyl  alcohol  (60.6'7o)  and  diethylamine  (29'7o).  Although  the  formation  of  ethyl 
alcohol  indicated  that  the  reaction  had  gone  in  the  desired  direction,  we  did  not  succeed  in  isolating  from  the 
reaction  mixture  the  anticipated  unsymmetrical  methylene  C5HioNCH2N(C2H5)2.  After  numerous  distillations 
we  obtained  the  original  Compound  (III)  (IS^o),  bis -(piperidine) -methylene  (80fo  reckoned  on  the  piperidine 
taken)  and  a  number  of  intermediate  fractions  without  a  sharp  boiling  point.  The  same  results  were  obtained  in 
experiments  with  excess  of  (3),  i.e.,  under  conditions  favoring  replacement  of  only  the  ethoxy  group  of  the  ether. 

We  know  from  the  work  of  Snyder  and  co-workers  [5]  and  of  A.P.  Terentyev  and  co-workers  [6]  that  in  a 
series  of  compounds  the  dialkylamino  group  can  easily  be  replaced  by  the  residue  of  a  higher  boiling  secondary 
amine.  We  therefore  attempted  to  obtain  the  unsymmetrical  bis-aminomethylene  by  replacing  one  diethyl- 
amino  group  in  bis -(diethylamino) -methylene  by  a  piperidine  residue.  Diethylamine  was  actually  separated  in 
83‘5i»  yield  from  the  distillate  after  heating  equimolar  amounts  of  bis-(diethylamino)-methylene  and  piperidine. 
However,  as  in  reactions  with  (III),  the  reaction  mass  was  a  complex  mixture  from  which  we  were  able  to  isolate 
only  bis -(piperidino) -methylene  (56.2<7o),  while  the  remaining  fractions  did  not  have  sharp  boiling  points.  The 
inability  to  obtain  unsymmetrical  aminomethylenes  may  have  been  due  to  the  fact  that  during  heating  (both 
during  the  reaction  and  during  fractional  distillation)  the  originally  formed  unsymmetrical  bis-aminomethylene 
rearranges  to  a  symmetrical  aminomethylene,  in  a  similar  manner  to  the  rearrangement  of  unsymmetrical  ace¬ 
tals  which  has  frequently  been  observed  by  D.N.  Kursanov,  V.N.  Setkina  and  V.M.  Rodionov  [7],  and  M.F.  Shos- 
takovsky  and  co-workers  [8].  No  success  attended  an  attempt  to  fractionate  the  reaction  products  not  by  recti¬ 
fication  but  in  the  form  of  double  compounds  of  bis-(dialkylamino)-methylenes  with  carbon  bisulfide  [9], 

After  failing  to  obtain  unsymmetrical  bis -(dialkylamino) -methylenes,  we  made  use  of  compounds  of  re¬ 
lated  type:  N-(diethylaminomethyl)-carbazole, 

CuHgNCHjNfCjHs),  (IV) 

and  N-(piperidinomethyl)-carbazole 

CuHsNCHjCsHio  (V). 

Reaction  of  CgHjMgBr  with  (IV)  gave  N-benzyldiethylamine  in  93. 2%  yield  and  carbazole  in  98.2‘7o  yield;  re¬ 
action  with  (V)  gave  N-benzylpiperidine  (93.670)  and  carbazole  (99.3%).  Although  Compounds  (IV)  and  (V)  con¬ 
tain  the  atomic  grouping  >  N-CHj— N  <  typical  of  bis-(dialkylamino)-methylenes,  the  character  of  the  nitrogen 
in  the  dibenzpyryl  residue  differs  considerably  from  that  of  the  nitrogen  in  the  dialkylamino  group.  For  this 
reason  the  high  reactivity  of  (IV)  and  (V)  can  only  to  a  certain  extent  reflect  the  suggested  high  reactivity  of  un¬ 
symmetrical  bis -(dialkylamino) -methylenes  in  comparison  with  symmetrical  compounds. 

EXPERIMENTAL 

The  reaction  of  R2NCH2X  with  CjHsMgBr  was  carried  out  under  the  same  conditions  in  all  cases.  An  ex¬ 
cess  of  CgHsMgBr  was  used  for  the  reaction  and  0.05  mole  of  investigated  substance,  A  typical  description  of 
the  experiment  with  diethylaminomethylnonyl  sulfide  is  given  below. 

Reaction  of  phenylmagnesium  bromide  with  diethylaminomethylnonyl  sulfide  (VI).  To  a  cooled  (to  -8”) 
ethereal  solution  of  CjHsMg^Br,  prepared  from  3.6  g  magnesium  and  19.0  g  bromobenzene  in  80  ml  ether,  was 
added  a  solution  of  12.25  g  (VI)  with  b.p,  153-154”  (6  mm)  in  40  ml  ether.  With  external  cooling  and  regula¬ 
tion  of  the  rate  of  addition  of  (VI)  the  temperature  of  the  reaction  mixture  was  held  in  the  range  0  to  +2”.  Upon 
completion  of  adding  (VI),  the  mixture  was  heated  in  the  course  of  30  minutes  to  35*  and  boiled  for  2.5  hours. 

The  mixture  was  cooled  to  -10”,  decomposed  with  75  ml  10%  HCl,  the  ethereal  layer  was  separated  and  it  was 
washed  with  dilute  HCl.  The  hydrochloric  acid  solution  of  the  amine  was  treated  with  concentrated  ammonia 
solution  and  the  base  which  separated  out  was  extracted  with  ether.  The  extract  was  dried,  the  solvent  was  evap¬ 
orated  off  and  the  remaining  oil  was  vacuum -distilled.  Yield  7.4  g  (90.87o)  of  N-benzyldiethylamine  with  b.p. 
93”  (12  mm)  and  210-212.5”  (747  mm)  [10].  The  picrate  had  m.p.  121-121.6”  (from  C2H5OH).  For  identifica¬ 
tion,  the  picrate  of  N-benzyldiethylamine  was  prepared  and  was  synthesized  by  Titov’s  method  [10]  and  had 
m.p.  121-122”.  A  mixing  test  gave  no  depression.  The  ethereal  extract,  separated  from  the  acid  layer,  was 
dried,  steamed  down  and  the  residue  was  vacuum -distilled  twice.  Yield  7.8  g  (97.5%)  nonyl  mercaptan  \/ith 
b.p.  98-100”  (15  mm)  [11].  From  the  residue  of  the  distillation  of  the  nonyl  mercaptan,  crystallization  from  al¬ 
cohol  yielded  diphenyl. 

The  results  of  the  reaction  of  CjHjMgBr  with  other  compounds  and  the  properties  of  the  obtained  tertiary 
amine  are  given  in  the  table. 
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Starting  substance 

Obtained 

2  ^ 

BoiUng 

Melting 

tertiary  amine 

.S  a 

point 

found 

calc. 

point  of 

picrate 

Diethylaminomethyl- 
ethyl  ether 

95.0 

210-212.5° 
(747  mm) 

8.54 

8.58 

121—121.6° 

Bis-^iperidinomethyl- 

C,H.CH,NC,H,o 

6.0 

178—179.5 

N -(  Die  thy  la  mino  - 

C,H5CH,N(C,H,), 

93.2 

210-212.5 

8.55 

8.58 

121-121.6 

methy  I)  -carbazole 

(747  mm) 

N-fPiperidinomethy  ly- 

93.6 

119-121 

7.87 

7.99 

179-180.5 

carbazole 

(13  mm) 

SUMM  ARTT 

A  study  was  made  of  the  relative  reactivity  of  symmetrical  and  unsymmetrical  dialkylaminomethylated 
substances  with  the  help  of  their  interaction  with  phenylmagnesium  bromide. 
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TAUTOMERIC  COMPOUNDS 

XX.  THE  MOBILITY  OF  THE  HYDROGEN  ATOMS  OF  THE  METHYL  GROUPS  OF  NITROTOLUENES 
A.E.  Porai -Koshits*a  nd  1. 1.  Chizhevskaya 


Investigations  by  one  of  us  [1]  have  shown  that  the  mobility  of  the  hydrogen  atoms  of  the  methyl  groups 
of  various  compounds  may  be  evaluated  on  the  basis  of  their  ability  to  undergo  condensation  with  aldehydes  and 
nitroso  compounds,  as  well  as  the  azo-coupling  reaction  with  diazo  compounds;  it  was  then  established  that  con¬ 
densation  with  aldehydes  is  the  most  general  reaction,  followed  by  condensation  with  nitroso  compounds,  and 
finally  by  the  azo-coupling  reaction.  Compounds  possessing  an  extremely  high  activity  of  the  hydrogen  atoms  of 
thfe  methyl  groups  undergo  the  last  reaction. 

Apart  from  the  above-mentioned  reactions,  characteristic  of  compounds  with  labile  hydrogen  atoms  of  the 
methyl  groups,  it  was  shown  in  the  case  of  quinaldine  that  these  compounds  are  susceptible  to  condensation  with 
phthalic  anhydride  (the  phthalone  reaction  [2]).  This  reaction  was  successfully  carried  out  by  one  of  us  in  col¬ 
laboration  with  A.I.  Kulikov  [3]  in  the  case  of  biquinaldine,  and  a  biquinophthalone  derivative  was  obtained 
which  was  the  product  of  condensation  of  2  moles  phthalic  anhydride  with  1  mole  biquinaldine. 

With  the  objective  of  further  investigation  of  the  ability  of  mobile  hydrogen  atoms  of  methyl  groups  to  un¬ 
dergo  condensation  with  phthalic  anhydride,  we  have  extended  the  phthalone  reaction  to  nitro  derivatives  of 
toluene. 

The  mobility  of  die  hydrogen  atoms  of  the  methyl  groups  of  2,4-dinitro-  and  2,4,6 -trinitrotoluenes  has 
been  demonstrated  by  their  condensation  with  aldehydes  [4]  and  nitroso  compounds  [5],  as  well  as  by  azo-coup- 
ling  (2,4,6 -trinitrotoluene  [6]).  Mononitrotoluenes  (ortho  and  para)  are  less  reactive  and  do  not  react  even  with 
aldehydes. 

Our  experiments  showed  that  2,4-dinitro-  and  2,4,6 -trinitrotoluenes  react  with  phthalic  anhydride  when 
the  starting  substances  are  heated  in  dime  thy  laniline.  Mononitrotoluenes  (ortho  and  para)  remained  indifferent 
to  the  action  of  phthalic  anhydride.  The  properties  of  the  products  of  condensation  of  2.4-dinitro-  and  2,4,6- 
trlnitrotoluenes  with  phthalic  anhydride,  as  well  as  the  analytical  data  for  the  products,  indicate  that  they  are 
nitro  derivatives  of  3-(benzylidene)-phthalide,  corresponding  to  Formulas  (I)  and  (II). 
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Taking  3-(2't4'-dinitrobenzylidene)-phthaUde  (I)  as  an  example,  we  showed  dial  treatment  with  aqueous 
sodium  hydroxide  leads  to  formation  of  the  sodium  salt  of  2'.4*-dinitro-desoxybenzoin'’0>carboxylic  acid  (III), 
whose  lactone  is  the  above-mentioned  benzyldiene-phthalide  derivative  [7]. 

The  free  acid,  isolated  from  the  alkaline  solution  on  acidification,  reactt  with  hydroxy lamine  widi  forma¬ 
tion  of  die  oxime;  the  mediyl  ester  is  formed  vdien  hydrochloric  acid  is  passed  dirou^  a  solution  of  the  acid  in 
mediyl  alcohoL  Our  experimentt  showed  that  heating  of  2',4'-dinitro-desoxybenzoin-o-carboxylic  acid  above 
its  melting  point  is  accompanied  by  loss  of  water  widi  formation  of  die  original  3-(2',4'-dinitrobenzylidene)- 
phdialide. 

On  heating  3 ’<2',4*-dinitrobenzylidene)-phthalide  in  anhydrous  methyl  alcdiol  in  presence  of  metallic  so¬ 
dium,  we  obtained  the  isomeric  2',4*-dinitrophenyl-indandione-l,3  (IV). 

Elimination  of  the  nitro  group  of  2',4*-dinitrophenyl-indandione-l,3  (reduction  to  the  amino  group  fol¬ 
lowed  by  deamination)  enabled  the  identity  of  the  resultant  phenyl-indandione-1,3  and  its  oxime  with  the  cor¬ 
responding  compounds  reported  in  die  literature  to  be  confirmed  [8]. 

The  above  isomerization  confirmed  the  ability  of  derivatives  of  3-(benzylidene)-phthalide  to  reareange  to 
the  isomeric  derivatives  of  indandione-1,3;  this  provided  further  confirmation  of  the  correctness  of  our  pro¬ 
posed  formulas  for  the  products  of  condensation  of  2,4-dinitro-  and  2,4,6 -trinitrotoluenes  with  phthalic  anhydride. 

Reduction  of  the  prepared  nitro  derivatives  of  3-(benzylidene)-phdialide  with  the  objective  of  obtaining 
the  corresponding  amino  derivatives  led,  in  the  case  of  3-(2’,4*-dinitrobenzylidene)-phthalide,  to  formation  of 
o-benzoylene-l,2-(6-amino)-indole  (V),  and  in  the  case  of  3-<2',4',6’-trinitrobenzylidene)-phthalide  to  forma¬ 
tion  of  o-benzoylene-l,2-(4*,6'-diaraino]Hndole  (VI): 


(V)  (VI) 


The  structure  of  the  prepared  indole  derivatives  was  confirmed,  in  the  case  of  o-benzoylene-l,2-(4',6',- 
diamino) -indole  by  the  reverse  synthesis  of  the  latter  from  the  phthalimido  derivative  of  2-amino-4,6-dinitro- 
toluene.  Heating  of  4,6-dinitrotolyl-2-phthalitnide  in  dimethylaniline  gave  o-benzoylene-l,2-(4*,6'-dinitro)- 
indole;  die  latter  was  reduced  to  o-benzoylene-l,2-(4’,6*-diamino)-indole  which  was  found  to  be  identical  widi 
die  substance  obtained  by  reducing  3-(2',4*,6'-trinitrobenzylidene)-phdialide  (II): 


An  attempt  to  similarly  synthesize  o-benzoylene -(6 '-amino) -indole,  starting  from  4-nitrqiolueiie-2-phdial- 
imide,  was  unsuccessful;  evidently  the  mobility  of  the  hydrogen  atoms  of  die  ineAyl  group  of  4-nitrotolyl-2- 
phthalimide,  governed  by  die  single  nitro  group  in  the  toluene  ring,  was  inadequate  for  realization  of  the  intra¬ 
molecular  condensation  proceeding  at  die  expense  of  die  hydrogens  of  die.methyl  group  and  die  carbonyl  oxygen. 
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The  prepared  amino  derivative:  of  o-benzoylene -indole  were  utilized  by  us  as  diazo  components  for 
synthesis  of  azo  dyes.  Acid  azo  dyes,  obtained  by  coupling  the  diazo  compounds  from  o-benzoylene-l,2-(6- 
amino) -indole  with  naphthol  sulfonic  acids,  dyed  animal  fibers  in  colors  ranging  from  yellow  to  violet.  Ice  azo 
dyes,  obtained  by  coupling  the  diazo  compounds  from  o-benzoylene -1,2 -(6 -amino) -indole  with  various  azotoles, 
were  distinguished  by  brilliant  and  pure  tones  as  well  as  by  fastness  to  light. 

EXPERIMENTAL 

Trial  condensation  of  ortho-  and  para -mononitro  derivatives  of  toluene  with  phthalic  anhydride.  The 
trial  condensation  of  the  starting  substances  in  dimethylaniline,  in  quinoline,  in  pyridine,  in  concentrated  sul¬ 
furic  acid,  in  aqueous  medium  under  pressure  and  upon  fusion  in  the  presence  of  anhydrous  zinc  chloride  was  un¬ 
successful.  The  starting  substances  were  obtained. 

3 -(2*, 4' -Dinittobenzylidene) -phthalide.  9.1  g  2,4-dinitrotoluene  and  7.4  g  phthalic  anhydride  were  heated 
in  50  ml  dimethylaniline  at  the  boiliifg  point  of  the  latter  for  1.5-2  hours.  The  reaction  product  was  separated 
upon  acidification  with  dilute  hydrochloric  acid  and  it  was  recrystallized  from  acetone.  Yield  11.4  g  (72%). 
White  crystallization  powder  with  m.p.  252*. 

Found  %:  0  58.07,57.94;  H  2.78,  2.71;  N  8.97.  M  322.  CijHgOjNV  Calculated  %:  0  57.70;  H  2.50; 

N  9.17.  M  312. 

3-(2*,4',6'-Trinittobenzylidene)-phthalide.  The  condensation  product  of  2,4,6 -trinitrotoluene  with  phthal¬ 
ic  anhydride  was  prepared  under  the  same  conditions.  It  was  a  white  crystalline  powder  which  had  m.p.  247*  af¬ 
ter  recrystallization  from  acetone.  Yield  40.0%. 

Found  %:  0  50.17,50.04;  H  2.12,  2.07;  N  12.04.  C15H7O8N3.  Calculated  %:  0  50.43;  H  1.98;  N  11.77. 

2*,4'-Dinitrodesoxybenzoin -2 -carboxylic  acid  was  prepared  by  heating  5  g  3 -(2’ ,4' -dinittobenzylidene) - 
phthalide  with  an  aqueous  solution  of  caustic  soda.  It  was  separated  from  alkaline  solution  upon  acidification 
with  dilute  hydrochloric  acid.  Yield  90%.  Colorless  acicular  crystals  with  m.p.  177-179*  from  aqueous  alcohol. 

Oxime  of  2*, 4* -dinitrodesoxybenzoin -2 -carboxylic  acid  was  prepared  by  heating  1.6  g  acid  and  0.75  g  hy- 
droxylamine  in  methyl  alcohol  for  1  hour.  Yellow  fine  needles  from  alcohol  with  m.p.  212*.  Yield  0.9  g  (57%). 

Found  %:  N  12.57,  12.48.  CigHjOeNj.  Calculated  %:  N  12.85. 

Methyl  ester  of  2',4'-dinitrodesoxybenzoin-2-carboxylic  acid.  It  was  prepared  by  passing  a  stream  of  dry 
hydrogen  chloride  through  a  boiling  solution  of  keto  acid  in  methyl  alcohol  for  2  hours.  It  was  separated  upon 
dilution  of  its  alcoholic  solution  with  water  and  was  washed  with  5%  soda  solution  and  recrystallized  from  alco¬ 
hol.  Yellow  rectangular  flakes  with  m.p.  193-194". 

Found  %:  N  7.83.  C16H12O7N2.  Calculated  %:  N  8.13. 

Heating  of  2', 4' -desoxybenzoin -2 -carboxylic  acid.  Upon  heating  the  keto  acid  to  185-190*,  we  obtained 
3 -(2',4’ -dinittobenzylidene) -phthalide.  After  recrystallization  from  acetone  with  addition  of  animal  charcoal 
it  had  m.p.  232".  A  mixed  sample  with  3 -(2', 4' -dinittobenzylidene) -phthalide,  synthesized  by  us  previously, 
gave  no  depression. 

2’, 4* -Dinitrophenylindandione -1,3.  6.2  g  3-(2',4' -dinittobenzylidene)-phthalide,  50  ml  anhydrous  meth¬ 

yl  alcohol  and  0.8  g  metallic  sodium  were  heated  on  a  water  bath.  After  driving  off  half  of  the  alcohol,  the 
residue  in  the  flask  congealed  to  a  slurry  of  orange -red  crystals,  which  were  dissolved  in  water  and  upon  acidif¬ 
ication  of  the  aqueous  solution,  a  white  gaseous  precipitate  separated  out.  M.p.  243"  (from  alcohol). 

Dioxime  of  2*,4' -dinitrophenylindandione -1,3.  Cg  2',4' -dinitrophenylindandione -1,3.  was  heated  on  a 
water  bath  with  50  ml  ethyl  alcohol,  2  g  hydroxy  la  mine,  and  1  g  soda:  within  30-45  minutes  after  evaporating 
off  half  of  the  alcohol,  a  precipitate  separated  out  as  fine  acicular  crystals  with  m.p.  221"  (from  alcohol). 

Found  %:  N  23.02.  C15H10O6N4.  Calculated  %:  N  23.13. 

2',4' -Diaminophenylindandione -1,3.  5  g  2’, 4* -dinitrophenylindandione -1,3  was  added  to  50  ml  con¬ 

centrated  hydrochloric  acid  and  was  reduced  with  metallic  tin  at  the  boil.  After  complete  solution  of  the  sub¬ 
stance,  reduction  was  halted,  the  cooled  solution  was  diluted  with  water  and  saturated  with  hydrogen  sulfide  to 
precipitate  the  tin.  After  removal  of  stannous  sulfide,  the  mother  liquor  was  evaporated  down  on  a  water  bath 
until  the  start  of  crystallization  of  the  hydrochloride  of  2',4’ -diaminophenylindandione -1,3.  Yield  3.6  g  (70%). 
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It  was  recrystallized  from  dilute  hydrochloric  acid. 

Found  Cl  21.68.  C15H14O1N2CIJ.  Calculated  <7o:  Cl  21.86. 

The  free  base  was  obtained  by  the  action  of  aqueous  ammonia  on  the  hydrochloride  in  a  stream  of  hydro¬ 
gen  sulfide.  The  grey  amorphous  powder  had  m.p.  144-149'. 

Eteamination  of  2',4'-diaminophenylindandionc-1.3. .  To  a  solution  of  1.5  g  diamine  in  10  ml  anhydrous 
methyl  alcohol,  cooled  externally  with  ice,  with  stirring  was  added  3  ml  concentrated  sulfuric  acid  and  then 
the  calculated  amount  of  sodium  nitrite.  After  30  minutes,  the  whole  mass  was  heated  on  a  boiling  water  bath 
until  evolution  of  nitrogen  bubbles  ceased.  The  obtained  phenylindandione -1,3  was  separated  from  the  solu¬ 
tion  in  the  form  of  a  white  flaky  precipitate  upon  dilution  of  the  reaction  mass  with  water.  After  3  recrystal¬ 
lizations  from  alcohol,  white  lustrous  flakelets  were  obtained  with  m.p.  143-145'.  A  mixed  sample  with  phenyl- 
indandione-1,3,  prepared  by  the  Gabriel  method,  gave  no  depression. 

Dioxime  of  phenylindandione -1,3,  was  prepared  by  heating  0,6  g  pfienylindandione-1,3  with  0.6  g  hy- 
droxylamine  hydrochloride  and  2  g  soda  in  20  ml  alcohol.  Upon  cooling,  a  crystalline  product  was  separated 
with  m.p.  191*  (from  alcohol).  A  mixed  sample  with  the  dioxime  of  phenylindandione -1,3,  prepared  by  Gab¬ 
riel's  method,  gave  no  depression. 

Synthesis  of  indandione-1,3  by  Gabriel's  method,  a)  3-(Benzylidene)-phthalide  was  prepared  by  heating 
10  g  phenylacetic  acid,  11  g  phthalic  anhyilride  and  2.5  g  sodium  acetate  at  180-190*  for  3  hours.  The  liquid 
was  extracted  with  water  and  dilute  soda  solution.  The  residue  was  recrystallized  from  alcohol.  M.p.  98-99' 
(from  alcohol),  which  corresponds  to  the  melting  point  of  3'(benzylidene)-phthalide. 

b)  Phenylindandione -1,3  was  prepared  by  heating  4  g  benzylidenephthalide  with  50  ml  anhydrous  methyl 
alcohol  and  0.6  g  metallic  sodium  for  20  minutes  and  separation  upon  acidification  of  the  solution.  M.p.  144- 
145'  (from  alcohol). 

The  dioxime  of  phenylindandione -1,3  was  prepared  by  heating  1  g  of  phenylindandione  with  2  g  hy- 
droxylamine  hydrochloride  and  0.5  g  soda  in  20  ml  alcohol.  M.p.  191-192*  (from  alcohol;. 

Reduction  of  3-(2',4'-dinitrobenzylidene)-phthalide  and  preparation  of  o-benzoylene-l,2-(4' -amino)-in- 
dole.  5  g  diniuo  derivative  of  benzylidenephthalide  was  reduced  with  tin  in  concentrated  hydrochloric  acid. 

The  reduction  was  carried  out  until  decolorization  of  the  dark-brown  solution.  The  tin  was  removed  upon  pas¬ 
sage  of  hydrogen  chloride  through  a  dilute  hydrochloric  acid  solution  of  the  base.  The  hydrochloride  of  the  base 
was  prepared  by  evaporating  down  the  hydrochloric  acid  solution  on  a  water  bath.  It  was  purified  by  solution 
in  alcohol  and  separation  from  the  alcoholic  solution  with  ether.  The  amorphous  substance  had  m.p.  261-262*. 

Found  ^o:  Cl  12.70.  C^HuONxCl.  Calculated  %  Cl  13.14. 

Reduction  of  3-(2',4'.6'-trinitrobenzylidene)-phthalide  and  preparation  of  o-benzoylene-l, 2-(4', 6’ -di¬ 
amino) -indole.  Carried  out  as  in  the  preceding.  The  purified  hydrochloride  of  the  base  was  a  yellow  po.^der 
with  m.p.  287-289*. 

Found  Cl  21.67,  21.80.  CisHijONjCl.  Calculated  7o:  Cl  22.15. 

Synthesis  of  o-benzoylene-l. 2-(4,6-diamino)-indole  via  nitrotolyl  derivatives  of  phthalimide.  a)  Partial 
reduction  of  2,4,6 -trinitrotoluene,  in  order  to  prepare  2-amino-4,6-dinitrotoluene,  was  carried  out  by  the  meth  ¬ 
od  described  in  the  literature  [9]  -  by  the  action  of  ammonium  hydrosulfide  on  2,4,6 -trinitrotoluene.  Yield 
4.4  g  2-amino-4.6-dinitrotoluene  from  50  g  2,4,6 -trinitrotoluene. 

b)  4, 6 -Dinitro -2 -phthalimide  was  prepared  by  heating  5  g  2-amino-4,6-dinitrotoluene  with  3  g  phthalic 
anhydride  in  dime  thy  la  ni  line.  Yield  6.4  g  (80‘5fc).  Yellow  crystalline  powder  with  m.p,  236*  (from  alcohol). 

c)  o -Benzoy lene  -1,2 -(4,6 -dinitro) -indole  was  prepared  by  heating  the  phthalimide  derivative  for  30  min¬ 
utes  in  dimethylaniline.  It  was  separated  upon  acidification  with  10%  hydrochloric  acid.  Light-yellow  crystals 
from  chloroform  with  m.p.  241-243*. 

d)  o -Benzoy lene -1,2 -(4, 6 -diamino) -indole  was  prepared  upon  reducing  its  dinitro  derivative  with  tin  in 
concenuated  hydrochloric  acid.  After  removal  of  tin  in  the  form  of  its  sulfide,  the  hydrochloric  acid  solution 
was  evaporated  down  on  a  water  bath  until  the  hydrochloride  of  the  diamino  compound  began  to  crystallize. 

The  crystals  which  came  down  were  purified  by  solution  in  alcohol  with  subsequent  reprecipitation  with  ether. 
Yellow  crystalline  powder  with  m.p.  287*.  A  mixed  sample  with  the  reduction  product  of  3-(2',4',6'-trinitro- 
benzylidene)-phthalide  gave  no  depression. 
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Trial  synthesis  of  o-ben2oylene-1.2-(4-amino)-indole  via  the  nitrotolyl  derivative  of  phthalimide.  a)  4- 
-Nitro-2-aminotoluene  was  prepared  by  nitrating  o-toluidine.  Yield  80-82*^  [10]. 

b)  4 -Nitrotoly  1-2 -phthalimide  was  prepared  by  heating  the  starting  substances  in  dimethylaniline.  Yello./ 
crystalline  powder  v/ithm.p.  232*  (from  acetone). 

Heating  of  4-nitrotolyl-2 -phthalimide  in  dimethylaniline  in  quinoline,  in  nitrobenzene  and  also  heating 
it  at  250°  did  not  bring  about  the  formation  of  the  desired  o-benzoylene-l,2-(4-nitro)-indole. 

SUMMARY 

1.  2,4-Dinitro-  and  2,4,6 -trinitrotoluenes  react  with  phthalic  anhydride  at  the  expense  of  the  mobile  hy¬ 
drogen  atoms  of  the  methyl  groups  with  formation  of  2,4-dinitro-  and  2,4,6-trinitro  derivatives  of  3-(benzyl- 
idene)-phthalide. 

2.  3-(2’,4'-Dinitrobenzylidene)-phthalide  was  used  as  an  example  to  demonstrate  the  susceptibility  of 
derivatives  of  3-benzylidene-phthalide  to  rearrangement  into  the  isomeric  derivatives  of  phenyl-indandione-1,3. 

3.  Reduction  of  2’,4' -dinitro-  and  2’,4’,6' -trinitro  derivatives  of  3-benzylidene-phthalide  leads  to  form¬ 
ation  of  amino  derivatives  of  o-benzoylene -indole  —  o-benzoylene-l,2-(6-amino)-indole  and  o-benzoylene- 
l,2-(4,6-diamino)-indole.  The  structure  of  o-benzoylene -1,2 -(4,6 -diamino) -indole  was  confirmed  by  its  syn¬ 
thesis  from  4,6-dinitrotolyl-phthalimide. 
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SOME  PROPERTIES  OF  ENOL  ACETATES 

I.  REACTION  OF  THE  ENOL  ACETATE  OF  CYCLOHEXANONE  WITH  N-BROMOSUCCINIMIDE 
I.V.  Machinskaya  and  V.A.  Barkhash 


In  the  present  work  we  investigated  the  reaction  of  the  enol  acetate  of  cyclohexanone  with  N-bromosuc- 
cinimide  with  the  aim  of  introducting  the  bromine  atom  into  the  allylic  position  of  eye  lohexeny  I  -  -acetate 
and  of  its  later  substitution. 

A  similar  problem  was  previously  attached  by  Djerassi  and  Scholz  [1]  who  studied  the  reaction  of  the  enol 
acetate  of  3  a-,  12a-diacetoxy-20-ketopregnane  and  of  the  20'enol  acetate  of  3(B)-acetoxy-20-ketoallopreg- 
nane  with  N -bromosuccinimide.  These  chemists  failed,  however,  to  separate  the  corresponding  bromo  deriva¬ 
tives.  They  obtained  unsaturated  ketones  whose  formation  may  be  accounted  for  by  dehydrobromination  of  the 
initially  formed  bromo  derivatives. 

Similar  results  were  obtained  by  Rubin  and  Armbrecht  [2]  who  studied  the  reaction  of  the  enol  acetate  of 
cholestanone-3  with  N -bromosuccinimide.  A  report  in  the  literature  on  the  preparation  of  halo -substituted  car¬ 
bonyl  compounds  in  a  similar  reaction  relates  to  the  case  of  application  of  N-iodosuccinimide  [3]. 

By  reaction  of  the  enol  acetate  of  cyclohexanone  with  N -bromosuccinimide  we  succeeded  in  obtaining  the 
bromo  derivative  of  this  enol  acetate  which  forms  an  addition  compound  with  pyridine;  on  treatment  with  po¬ 
tassium  iodide  solution,  this  addition  compound  is  transformed  into  the  iodide,  while  with  picric  acid  it  gives  a 
picrate  of  the  composition  C5HsNC|HuC)20CgH2(N02)3.  Of  these  derivatives,  only  the  picrate  could  be  isolated 
in  a  pure  form  for  analysis;  the  two  other  compounds  were  modified  when  attempts  were  made  to  purify  them. 

Bromination  of  the  enol  acetate  might  have  been  expected  to  lead  to  formation  of  3-bromo-2-acetoxy- 
cyclohexene -1  or  of  3 -bromo -1-acetoxy -cyclohexene -1,  or  of  a  mixture  of  the  two  compounds.  The  fact  that 
our  bromo  derivative  distilled  in  a  narrow  range  shows  that  in  our  case  the  reaction  probably  went  predominant¬ 
ly  in  one  of  the  directions  indicated. 

The  prepared  bromo  derivative  was  reacted  with  sodium  acetate  and  the  resultant  diacetoxy  compound 
was  hydrolyzed  with  the  objective  of  determining  the  position  of  the  bromine  atom  in  the  bromo  derivative. 
Heating  of  bromo-cyclohexenyl  acetate  with  anhydrous  sodium  acetate  in  glacial  acetic  acid  gave  a  colorless 
crystalline  product;  m.p.  37-38.5",  distilling  at  95-97"  (5  mm).  The  data  of  elementary  analysis  correspond  to 
the  formula  of  diacetoxycyclohexene  (C1QH14O4).  Alkaline  hydrolysis  of  diacetoxycyclohexene  gave  a  colorless, 
crystalline  substance,  m.p.  114-115"  and  composition  CjHgOj.  A  mixture  with  the  a-hydroxycyclohexanone  ob¬ 
tained  by  hydrolysis  of  a-chlorocyclohexanone  [4]  did  not  give  a  depression  of  melting  point. 

Formation  of  a-hydroxycyclohexanone  on  hydrolysis  of  diacetoxycyclohexene  shows  that  in  the  latter  the 
acetoxy  groups  are  at  adjacent  carbon  atoms;  consequently,  in  the  reaction  of  cyclohexenyl-A^-acetate  with 
N -bromosuccinimide  the  bromine  enters  in  the  a-position  to  the  carbon  linked  to  the  acetoxy  group*.  The  3- 
bromo-2-acetoxycyclohexene-l  and  2,3 -diacetoxycyclohexene -1  obtained  by  us  are  not  described  in  the  liter¬ 
ature. 

We  subsequently  attempted  to  transform  bromocyclohexenyl  acetate  into  the  corresponding  acetoxycyclo- 
hexadiene. 

•It  is  interesting  to  note  that  on  bromination  with  N -bromosuccinimide  of  1 -chlorocyclohexene -1  another  orient¬ 
ation  of  the  introduced  bromine  (formation  of  l-chloro-3-bromocyclohexene-l)  is  observed  according  to  data  of 
Mousseron,  Winternitz  and  Jacquier  [5]. 
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The  literature  contains  references  to  the  employment  of  pyridine  [6],  sodium  acetate  [7],  potassium  ace¬ 
tate  [8]  and  potassium  carbonate  [9]  for  the  dehydrobromination  of  such  compounds. 

According  to  the  data  presented  above,  the  reaction  of  3-bromo-2-acetoxycyclohexene-l  with  sodium 
acetate  leads  to  formation  of  a  diacetoxy  derivative.  Our  attempt  at  dehydrobromination  with  the  help  of  pyr¬ 
idine  was  likewise  unsuccessful.  On  heating  the  product  of  addition  of  bromocyclohexenyl  acetate  to  pyridine 
with  3  times  the  molar  amount  of  pyridine  for  3^4  hours  at  the  boiling  point,  we  were  unable  to  obtain  any 
ether -soluble  products.  Evidently  the  product  of  addition  decomposes  under  these  conditions  with  evolution  of 
hydrobromic  acid. 


EXPERIMENTAL 

Preparation  of  cyclohexenyl-A^-acetate.  100  g  cyclohexanone  was  dissolved  in  312  g  acetic  anhydride 
and  to  this  was  added  0.76  ml  concenuated  sulfuric  acid;  the  mixture  was  set  aside  for  9  days  at  room  temper¬ 
ature.  To  decompose  the  excess  of  acetic  anhydride,  die  reaction  mixture  was  treated  with  cold  water  with 
vigorous  stirring  and  then  solid  soda  was  gradually  added  until  it  gave  a  slightly  alkaline  reaction.  The  reaction 
product  was  extracted  with  ether.  The  ethereal  solution  was  washed  with  soda,  then  with  water  and  was  dried 
with  sodium  sulfate.  The  ether  was  driven  off  under  the  vacuum  of  a  water -jet  pump.  The  product  had  b.p. 
52-55"  at  4  mm.  Yield  110  g  (77‘7o). 

Reaction  of  enol  acetate  of  cyclohexanone  with  N-bromosuccinimide.  A  mixture  of  23.4  g  N-bromosuc- 
cinimide,  20  g  cyclohexenyl  acetate  (molar  ratios  1:1)  and  25  ml  carbon  tetrachloride  was  heated  on  a  water 
bath  in  a  flask  fitted  with  reflux  condenser.  At  bath  temperature  72”  a  violent  reaction  began;  the  mixture  at 
times  had  to  be  cooled  with  water.  After  the  violent  reaction  ceased,  all  the  bromosuccinimide  went  into  solu¬ 
tion.  The  succinimide  which  separated  out  upon  cooling  in  the  form  of  crystals  was  separated  and  its  remains 
were  removed  by  washing  the  reaction  mixture  with  water.  The  organic  layer  was  dried  with  sodium  sulfate- 
carbon  tetrachloride  was  driven  off  under  the  vacuum  of  an  oil  pump.  The  main  bulk  of  the  substance  distilled 
at  81-82"  (3  mm).  Yield  18  g  (57.6<7o).  The  product  was  unstable  upon  storage;  it  darkened  and  resinified. 

Found  7o:  Br  35.89,  35.49.  CgHuOjBr.  Calculated  <70:  Br  36.48.  • 

Addition  product  of  bromocyclohexenyl  acetate  to  pyridine  may  be  prepared  in  the  following  manner. 
Equal  quantities  by  weight  of  bromocyclohexenyl  acetate  and  dry  pyridine  were  mixed  in  a  porcelain  cup  and  ’ 
left  in  a  desiccator  over  sulfuric  acid  for  6  days.  Pyridine  was  removed  in  a  vacuum -desiccator  in  the  course 
of  several  days.  The  obtained  product,  a  sticky  light -yellow  mass,  was  dissolved  in  anhydrous  alcohol  and  then 
to  this  solution  was  added  absolute  ether.  The  oil  which  separated  out  crystallized  upon  standing.  The  crystals 
were  separated  off,  washed  with  absolute  ether  and  then  dried  in  a  vacuum -desiccator,  m.p.  113-130". 

Found  <7o:  Br  28.30.  Ci3Hi5C4NBr.  Calculated  %;  Br  26.80, 

Attempts  to  purify  the  product  by  recrystallization  led  to  its  decomposition. 

Iodide  CisHifiOtNI  was  prepared  by  the  action  of  a  saturated  solution  of  potassium  iodide  on  a  concentrated 
aqueous  solution  of  the  addition  product  of  bromocyclohexenyl  acetate  to  pyridine.  Colorless  crystals  with 
m.p.  140-150".  ,  An  attempt  to  recrystallize  the  product  from  alcohol  resulted  in  its  decomposition. 

Picrate  Ci9Hij09N4  was  prepared  by  the  action  of  a  saturated  alcoholic  solution  of  picric  acid  on  an  al¬ 
coholic  solution  of  the  addition  product  of  bromocyclohexenyl  acetate  to  pyridine.  Yellow  crystals  with  m.p. 
143-144"  (from  alcohol). 

Found  <7o:  N  12,43,  12.40.  Ci9Hig09N4.  Calculated  N  12.55. 

Reaction  of  bromocyclohexenyl  acetate  with  sodium  acetate.  20  g  bromocyclohexenyl  acetate,  18  g  cal¬ 
cined  sodium  acetate  and  35  g  glacial  acetic  acid  were  heated  in  a  flask  fitted  with  reflux  condenser  on  a  water 
bath  at  the  boiling  point  of  the  mixture  for  2  hours.  The  reaction  mixture,  which  crystallized  upon  cooling,  was 
dissolved  in  a  small  quantity  of  water  and  neutralized  with  solid  soda.  The  reaction  product  was  repeatedly  ex¬ 
tracted  with  ether.  The  ethereal  solution  was  washed  with  15%  soda  solution,  then  with  a  small  quantity  of  water 
and  dried  with  sodium  sulfate.  .The, ether  was  driven  off  and  the  residue  .was  transferred  to  a  crystallizer.  Upon 
standing,  coarse  crystals  separated  out  which  were  separated  from  the  oil  and  washed  with  a  small  quantity  of 
•The  somewhat  low  bromine  content  as  against  the  theoretical,  evidently  is  due  to  partial  decomposition  of 
the  product  upon  vacuum -distillation.  The  literature  frequently  notes  [10]  th^t  upon  heating,  there  takes  place 
decomposition  and  evolution  of  hydrogen  bromide  in  the  case  of  bromo  derivatives  prepared  by  means  of  N- 
bromosuccinimide. 
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ether.  .Vjight  about  7  g;  m.p.  34.5-38“,  b.p.  95-97“  (5  mm).  Purification  of  the  product  by  means  of  recrys¬ 
tallization  was  greatly  hindered  by  the  fact  that  in  the  cold  it  was  readily  soluble  in  alcohol,  benzene  and  in 
carbon  tetrachloride.  Recrystallization  from  507o  ethyl  alcohol  did  not  yield  a  substance  with  a  sharper  melting 
point. 

Assuming  the  presence  in  the  prepared  product  of  an  admixture  of  the  more  water-soluble  hydroxycyclo- 
hexane,  which  formed  due  to  hydrolysis  of  the  diacetoxy  compound,  we  used  the  following  method  of  purifica¬ 
tion,  The  reaction  product  was  dissolved  in  a  small  quantity  of  alcohol,  filtered  and  poured  into  water.  After 
prolonged  standing  in  an  open  vessel,  large  flaky  crystals  separated  out  with  m.p.  37-39“. 

Found  <7o:  C  60.60,  60.58;  H  7.75,  7.66.  C10H14O4.  Calculated  %  C  60.59;  H  7.12. 

Alkaline  hydrolysis  of  diacetoxycyclohexene.  To  a  warm  emulsion  of  diacetoxycyclohexene  in  50%  ethyl 
alcohol  was  added  in  the  course  of  20  minutes  concentrated  aqueous  solution  of  caustic  soda  until  the  reaction 
was  strongly  alkaline.  The  reaction  was  accompanied  by  evolution  of  heat  and  the  oil  gradually  went  into  solu¬ 
tion.  Upon  cooling  of  the  reaction  mixture,  a  precipitate  came  down  which  was  separated  off  and  well  washed 
with  water.  M.p.  75-82“.  After  2  recrystallizatioRS  from  alcohol,  the  product  had  m.p.  114-115“.  A  mixed 
sample  with  a-hydroxycyclohexanone  gave  no  depression. 

Found  %:  C  63.50;  H  8.60.  CgHio02.  Calculated  %:  C  63.13;  H  8.83. 

SUMMARY 

1.  The  procedure  for  preparation  of  the  enol  acetate  of  cyclohexanone  was  improved  by  interaction  of 
cyclohexanone  with  acetic  anhydride  in  presence  of  sulfuric  acid;  the  yield  of  enol  acetate  reaches  77%. 

2.  3-Bromo-2-acetoxycyclohexene-l,  not  previously  described  in  the  literature,  was  synthesized  by  re¬ 
action  of  the  enol  acetate  of  cyclohexanone  with  N-bromosuccinimide.  The  product  of  addition  of  3-bromo-2- 
acetoxycyclohexene  to  pyridine  was  prepared,  also  the  iodide  and  picrate  of  the  addition  compound. 

3.  It  was  established  that  heating  of  3-bromo-2-acetoxycyclohexene-l  with  sodium  acetate  in  a  medium 
of  glacial  acetic  acid  gives  2,3 -diacetoxycyclohexene -1.  The  structure  of  the  latter  was  confirmed  by  its 
transformation  on  alkaline  hydrolysis  onto  a-hydroxycyclohexanone. 
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REACTION  OF  fl -C H  LORO  VIN  Y  L  KETONES  WITH 
e-DICARBONYL  COMPOUNDS 

II.  THE  KETOVINYLATION  OF  ALKYLMALONIC  ESTERS 

N.K.  Kochetkov  and  L.I.  Kudryashov 


Amont  the  diverse  transformations  of  which  0 -chlorovinyl  ketones  ate  capable  [1],  a  large  group  of  re¬ 
actions  are  known  which  resolve  themselves  into  substitution  of  an  atom  of  chlorine  by  some  other  grouping: 

RCOCH  =  CHCl  +  HX  -►  RCOCH  =  CHX. 

These  reactions  are  essentially  a  general  method  of  introduction  of  the  ketovinyl  radical  into  a  molecule 
of  an  organic  compound  arid  we  have  therefore  called  them  "ketovinylation  reactions".  Up  to  now  details  have 
been  published  of  the  ketovinylation  of  salts  of  some  inorganic  acids  [2],  alcohols  [3],  phenols  [4],  ammonia  [5], 
amines  [6],  and  phenolic  ethers  [7].  This  reaction  has  been  completely  unknown,  however,  for  compounds  con¬ 
taining  an  active  methylene  or  methine  group.  Panizzr  [8]  attempted  to  react  phenyl-fl  chlorovinyl  ketone 
with  malonic  and  acetoacetic  esters  but  did  not  obtain  a  satisfactory  result. 

In  the  preceding  communication  [9]  it  was  shown  that  fl  -chlorovinyl  ketones  react  with  acetoacetic  ester 
in  presence  of  potassium  carbonate  in  boiling  benzene  with  formation  of  alkylsalicyHc  acids,  due  to  cycliza- 
tion  of  the  initial  product  of  ketovinylation  of  acetoacetic  ester.  The  rise  in  yield  of  salicylic  acids  with  in¬ 
creasing  excess  of  acetoacetic  ester  taken  into  the  reaction  and  the  separation  of  a  secondary  reaction  product 
corresponding  in  composition  to  the  product  of  transformation  of  bis-ketovinylated  acetoacetic  ester  led  us  to 
the  conclusion  that  fl -chlorovinyl  ketones  react  with  compounds  containing  two  mobile  hydrogens  with  forma¬ 
tion  of  a  product  of  bis-ketovinylation.  In  this  process  the  second  molecule  of  fl -chlorovinyl  ketone  reacts  more 
easily  than  the  first  so  that  the  remaining  unsubstituted  hydrogen  atom  of  the  methine  group  acquires  greater 
mobility  under  the  influence  of  the  carbonyl  group  of  the  ketovinyl  grouping  in  the  molecule  of  the  monoketo- 
vinylated  derivative.  Consequently,  in  the  case  of  a  compound  containing  only  one  mobile  hydrogen  atom,  the 
reaction,  if  carried  out  under  sufficiently  mild  conditions,  must  give  the  normal  product  of  monoketovinylation. 

With  the  objective  of  verifying  this  hypothesis  and  of  developing  new  methods  of  organic  synthesis  on  the 
basis  of  fl -chlorovinyl  ketones,  we  have  studied  the  reactions  of  these  compounds  with  alkylmalonic  esters.  In¬ 
vestigation  showed  that  chlorovinyl  ketones  possessing  a  highly  active  halogen  atom  react  with  various  alkyl¬ 
malonic  esters  according  to  the  general  scheme: 

RCOCH  =  CHCl  +  R’CH(C00C,H5)5  —  RCOCH  = 

R’ 

R  =  CHj,  CjHj,  C7H15,  CeHj;  R’  =  CjHg,  CsH,.  C4H9. 

The  reaction  was  performed  by  gradual  addition  of  the  fl -chlorovinyl  ketone  to  the  sodium  compound  of 
the  alkylmalonic  ester  in  benzene;  the  reaction  is  energetic  even  in  the  cold,  and  heating  is  necessary  only  to 
complete  it.  After  the  usual  working-up,  the  product  is  separated  by  vacuum  distillation.  Performance  of  the 
reaction  by  the  classical  procedure  of  the  malonic  synthesis  in  excess  of  alcohol  appears  very  inexpedient  be¬ 
cause  fl -chlorovinyl  ketones  react  with  very  great  facility  with  alcohols  with  formation  of  fl -ketoacetaLs  [3]. 

The  reaction  is  general  in  character,  and  we  investigated  it  with  reference  to  methyl-,  ethyl-,  heptyl- 
and  phenyl-fl -chlorovinyl  ketones.  Of  the  malonic  esters  we  selected  ethyl-,  propyl-  and  butylmalonic  esters. 


CHCfCOOCjHslj 
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The  alkyl-d-chlorovinyl  ketones  required  for  the  research  were  prepared  by  the  method  previously  developed  in 
our  laboratory  [10].  One  of  them  —  heptyl-0-chlorovinyl  ketone  -  obtained  by  a  similar  method,  is  described 
for  the  first  time. 

The  products  of  reaction,  obtained  in  fairly  high  yields,  are  oily  liquids  which  distill  in  vacuum  without 
decomposition  (10  mm)  and  are  stable  when  kept.  The  analyses  and  constants  of  the  products  indicate  that  they 
are  products  of  normal  ketovinylation  and  have  the  structure  of  the  corresponding  alkyl-(y-ketoalkenyl)-malonic 
esters.  As  we  know  [11],  3 -chlorovinyl  ketones  react  with  organomagnesium  compounds  and  with  sodium  com¬ 
pounds  of  acetylenic  hydrocarbons  at  their  carbonyl  group,  the  3 -chlorovinyl  radical  remaining  intact.  In  our 
case,  however,  the  reaction  follows  the  usual  route  of  the  malonic  synthesis  and  is  expressed  by  the  scheme  pre¬ 
sented  above.  The  proposed  structure  of  the  prepared  compounds  is  supported  by  the  retention  in  them  of  the  car¬ 
bonyl  group,  as  confirmed  by  the  formation  of  dinitrophenylhydra zones  and  by  the  presence  of  an  intact  double 
bond,  as  shown  by  catalytic  hydrogenation  of  one  of  the  prepared  substances  over  palladium  on  barium  sulfate: 

CHsCOCH=CHC(COOC2H6)2  CHsCOCHaCHaCCCOOCaHg)* 

I  ra/DAS>iJ4  I 

CjHb  CjHb 

-*•  CH3COCHjCH2C(COOH)2 

isHs 

The  ethyl-o  -ketobutylma Ionic  ester  obtained  by  catalytic  hydrogenation  was  saponified  to  the  correspond¬ 
ing  dibasic  acid,  which  demonstrated  the  persistence  of  the  malonic  acid  grouping  in  the  molecule.  Consequent¬ 
ly.  as  had  been  suggested,  ketovinylation  goes  without  complications  when  the  molecule  of  3~dicarbonyl  com¬ 
pound  contains  one  mobile  hydrogen,  and  the  normal  product  of  reaction  is  obtained. 

The  reaction  that  we  discovered  is  the  first  example  of  a  ketovinylation  reaction  leading  to  formation  of 
a  new  aliphatic  carbon-carbon  bond.  It  considerably  widens  the  synthetic  possibilities  that  were  opened  up  by 
the  application  of  3-chlorovinyl  ketones  in  organic  synthesis  [1].  The  formerly  inaccessible  alkyl-(  y-ketoalken- 
yl)-malonic  esters,  which  are  obtained  in  high  yields  by  our  method,  are  capable  of  various  transformations  which 
are  being  currently  studied.  On  the  other  hand  we  have  found  that  other  compounds  possessing  active  methylene 
and  methine  groups  also  enter  into  a  similar  reaction;  this  observation  is  likewise  of  considerable  interest  for 
organic  synthesis. 

EXPERIMENTAL 

1.  Heptyl-3  -chlorovinyl  ketone.  Heptyl-3-chlorovinyl  ketone  was  jxepared  by  the  general  method  of 
synthesis  for  alkyl-3 -chlorovinyl  ketones  [10]  from  60.0  g  caprylyl  chloride.  53  g  aluminum  chloride  in  90  g 
carbon  tetrachloride.  Yield  58  g  (83.2%). 

B.p.  122*  (10  mm),  m.p.  24*  (from  mixture  of  benzene  and  petroleum  ether). 

Found  %:  Cl  18.62,  18.83.  CjoHitCX^L  Calculated  %:  Cl  18.79. 

Heptyl-3 -chlorovinyl  ketone  —  colorless  crystals  which  keep  for  some  time  without  decomposition  upon- 
being  stored  under  refrigeration.  Soluble  in  ordinary  organic  solvents  and  in  water. 

2.  Ethyl-(3-ketobutenyl-l)-malonic  ester.  In  a  3 -necked  flask  fitted  with  stirrer,  reflux  condenser  and 
dropping  funnel  was  placed  4.6  g  finely  ground  (in  xylene)  sodium.  200  ml  absolute  benzene  and  to  this  was 
added  drop-wise  39.5  g  (0.21  mole)  ethylma Ionic  ester  (at  such  a  rate  so  that  towards  completion  of  addition, 
die  benzene  was  heated  almost  to  the  boil);  the  reaction  mass  was  boiled  until  complete  solution  of  sodium 
(1.5-2  hours),  cooled  with  ice  water,  and  with  vigorous  stirring  we  added  drop-wise  in  the  course  of  1  hour  a  solu¬ 
tion  of  21.0  g  methyl-3 -chlorovinyl  ketone  in  100  ml  absolute  benzene.  It  was  important  to  see  that  the  drops 
fell  directly  into  the  liquid  and  not  on  the  walls  of  the  flask,  since  otherwise  on  the  places  where  the  drops  landed 
there  formed  a  gelatinous  precipitate,  adhering  closely  to  the  walls  of  the  flask  and  instrumental  in  bringing 
about  resinification  of  the  reaction  mixture  due  to  local  overheating.  Upon  completion  of  addition  of  methyl- 

3 -chlorovinyl  ketone,  the  reaction  mass  became  dark  red  and  a  gelatinous  precipitate  came  down.  Cooling  was 
halted  and  the  reaction  mixture  was  stirred  for  40  minutes  at  room  temperature  and  then  gradually  heated  to 
the  boil  and  boiled  for  3  hours.  On  cooling,  150  ml  water  was  added,  the  benzene  layer  was  separated,  twice 
washed  with  water  in  50-ml  portions,  the  wash  waters  were  extracted  twice  with  ether,  the  combined  ethereal- 
benzene  extracts  were  dried  over  calcined  sodium  sulfate,  the  solvents  were  driven  off  and  the  residue  was  vac¬ 
uum  distilled  with  collection  of  the  fraction  with  b.p.  160-164*  (12  mm). 
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After  a  second  distillation,  the  substance  had  the  following  constants:  b.p.  163-164*  (12  mm),  156-157* 

(10  mm),  125-126*  (2  mm),  118-119*  (0.5  mm),  df  1.0598,  n?^  1.4543,  MRp  65.52;  calc.  65.08.  Yield  28.5  g 
(55.6%). 

Found  C  61.33,  61.41;  H  7.95,  8.08.  C13H20O5.  Calculated  %:  C  60.92;  H  7.86. 

Ethyl-(3-ketobutenyl-l)-malonic  ester  was  a  colorless  oil,  miscible  with  organic  solvents  and  insoluble  in 

water. 

Dinitropheny Ihydra zone.  To  solid  2,4-dinitrophenylhydrazine  was  added  several  drops  of  substance,  2 
drops  of  methanol,  1  drop  concentrated  hydrochloric  acid,  the  mass  was  heated  for  3  minutes  on  a  steam  bath 
and  the  hydrazone  which  formed  melted  and  then  solidified  upon  cooling  and  shaking.  After  recrystallization 
from  alcohol,  orange  crystals  with  m.p.  108*. 

Found  %t  N  13.05,  13.03.  C]5H240|N4.  Calculated  %:  N  12.84. 

All  the  other  products  of  ketovinylation  of  alkylmalonic  esters  were  prepared  under  the  same  conditions, 
only  the  quantity  of  absolute  benzene  was  changed  and  was  taken  proportionally  to  the  components  taken  for 
reaction.  Dinitropheny  Ihydra  zones  of  other  alkyl-(y-ketoalkenyl)-malonic  esters  were  prepared  according  to 
the  above -presented  prescription. 

3.  Propyl -(3 -ketobutenyl)-ma Ionic  ester.  Propyl-(3-ketobutenyl-l)-malonic  ester  was  prepared  from  5.8  g 
sodium,  53  g  propylmalonic  ester  and  26.2  g  methyl-fi~chlorovinyl  ketone  in  375  ml  absolute  benzene.  Upon 
vacuum-distillation,  the  fraction  was  collected  with  b.p.  160-165*  (8  mm),  yield  38  g  (56.3%). 

After  a  second  distillation,  the  substance  had  the  following  constants:  b.p.  163*  (8  mm),  c^®  1.0437,  n^ 
1.4553,  MRp  70.31;  calc.  69.70. 

Found  %:  C  62.88,  62.61;  H  8.49,  8.41.  C14H22O5.  Calculated  %:  C  62.20;  H  8.20. 

Dinitropheny  Ihydra  zone  —  orange  crystals  with  m.p.  119*  (from  alcohol). 

Found  %:  N  12.43,  12.27.  C2oH2(02N4.  Calculated  %:  N  12.44. 

4.  Butyl -(3 -ketobutenyl-l)-ma Ionic  ester.  Butyl-(3-ketobutenyl-l)-malonic  ester  was  prepared  from  5.8  g 
sodium,  56.7  g  butylmalonic  ester  and  26.2  g  methyl-S-chlorovinyl  ketone  in  375  ml  absolute  benzene.  Upon 
vacuum -distillation,  the  fraction  was  collected  with  b.p.  160-164*  (6  mm),  yield  25.0  g  (35.2%). 

After  a  second  distillation,  the  substance  had  the  following  constants:  b.p.  154-156*  (4  mm),  d*®  1.0326, 
nf5  1.4559,  MRp  74.84;  calc.  74.32. 

Found  %:  C  63.07,  63.10;  H  8.59,  8.58.  C15H24O5.  Calculated  %:  C  63.35;  H  8.51. 

The  semicarbazone  was  prepared  by  the  usual  method.  Colorless  crystals  with  m.p.  90*  (from  alcohol). 

Found  %:  N  12.09,  12.77.  CieH2705Nj.  Calculated  %;  N  12.31. 

5.  Propyl-(3-ketopenten-l-yl-l)-malonic  ester.  Propyl-(3-ketopenten-l-yl-l)-malonic  ester  was  pre - 
pared  from  6  g  sodium,  54.5  g  propylmalonic  ester  and  30.8  g  ethyl- fl-chlorovinyl  ketone  in  380  ml  absolute 
benzene.  Upon  distillation,  the  fraction  was  collected  with  b.p.  168-175*  (9  mm),  yield  44.0  g  (94%). 

After  a  second  distillation,  the  substance  had  the  following  constants:  b.p.  169-171*  (9  mm),  dj®  1.0350, 
np  1.4575,  MRj)  74.89;  calc.  74.32. 

Found  %:  C  63.27,  63.35;  H  8.64,  8.62.  C15H24O5.  Calculated  %:  C  63.35;  H  8.51. 

Dinitrophenylhydrazone  —  orange  crystals  with  m.p.  124*  (from  alcohol). 

Found  %:  N  12.64,  12.64.  C21H28O8N4.  Calculated  %:  N  12.06. 

6.  Propyl-(3-ketodecen-l-yl-l)-malonic  ester.  Propyl-(3-ketodecen-l-yl-l)-malonic  ester  was  pre¬ 
pared  from  5.1  g  sodium,  49  g  propylmalonic  ester  and  42  g  heptyl-fi-chlorovinyl  ketone  in  330  ml  absolute 
benzene.  Upon  distillation,  the  fraction  was  collected  with  b.p.  177-185*  (1  mm),  yield  54.5  g  (70%). 

After  a  second  distillation,  the  substance  had  the  following  constants:  b.p.  177-178*  (1  mm),  c^®  0.9901, 
n^I^  1.4581,  MRd  97.71;  calc.  97.41. 

F  jund  %:  C  67.19,  67.09;  H  9.82,  9.95.  C20HJ4O5.  Calculated  %:  C  67.76;  H  9.66. 
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7.  Propyl"(3-phenylpropen-l-on-3-yl-l)-malonic  ester  was  prepared  from  4  g  sodium,  36.4  g  propylmal- 
onic  ester  and  28  g  phenyl- 6-chlorovinyl  ketone  [12]  in  260  ml  absolute  benzene.  Upon  distillation,  the  fraction 
was  collected  with  b.p.  206-208”  (4  mm),  yield  36  g  (63.7‘55)). 

After  distillation,  the  substance  had  the  following  constants;  b.p.  204-205“  (4  mm),  dj®  1.1007,  np  1.5112, 
MRp  90.50;  calc.  89.19.  After  prolonged  standing,  the  substance  completely  crystallized.  Recrystallization 
from  alcohol  yielded  colorless  needles  with  m.p.  39*. 

Found  <5^  C  68.84,  68.84;  H  7.51,  7.41.  C^H^Os.  Calculated  <7o:  C  68.65;  H  7.26. 

Dinitrophenylhydrazone  —  orange  needles  with  m.p.  183-184*  (from  alcohol). 

Found  “iik  N  11.05,  11.09.  CigH^OiNv  Calculated  N  10.94. 

8.  Hydrogenation  of  ethyl-(3-ketobutenyl)-ma Ionic  ester.  14.0  g  ethyl-(3-ketobutenyl)-malonic  ester 
was  hydrogenated  in  100  ml  alcohol  over  palladium  precipitated  on  barium  carbonate.  After  absorption  of 
1206  ml  hydrogen  (0”,  760  mm),  hydrogenation  ceased.  The  calculated  amount  was  1300  ml  hydrogen.  The 
catalyst  was  filtered  off  and  after  driving  off  the  alcohol,  the  residue  was  vacuum  distilled.  Yield  of  ethyl-(3- 
ketobutyl)-ma Ionic  ester  12.2  g(83‘5fc). 

After  a  second  distillation,  the  substance  had  the  following  constants:  b.p.  133-134"  (2  mm),  dj®  1.0499, 
n^  1.4436,  MRj3  65.36;  calc.  65.55. 

Found  C  60.22,  60.31;  H  8.60,  9.07.  C13H22O5.  Calculated  <7o:  C  60.44;  H  8.59. 

The  product  was  a  colorless  oil,  stable  on  standing  and  miscible  with  organic  solvents  and  insoluble  in 

water. 

9.  Sapionification  of  ethyl-(3-ketobutyl)-ma Ionic  ester.  10  g  ethyl-(3-ketobutyl)-malonic  ester  was 
boiled  for  1.5  hours  with  a  solution  of  9  g  caustic  potash  in  90  ml  88*70  alcohol  and, on  cooling,  the  mixture  was 
poured  in  700  ml  water,  extracted  with  ether;  the  aqueous  layer  was  acidified;  the  oil  which  came  down  was  ex¬ 
tracted  with  ether.  The  ethereal  extract  was  extracted  with  5*7©  caustic  soda  solution,  the  alkaline  solution  was 
acidified,  the  oil  which  came  down  was  extracted  with  ether,  the  extract  was  dried  over  sodium  sulfate,  the 
ether  was  driven  off,  the  oily  residue  after  drying  in  vacuum  desiccator  for  several  days  completely  crystallized. 
Yield  3.7  g  (47.47o).  After  recrystallization  from  a  mixture  of  benzene  and  petroleum  ether,  ethyl-(3-ketobutyl)- 
malonic  acid  was  in  the  form  of  colorless  crystals  with  m.p.  106". 

Found  <7o:  C  53.74,  53.81;  H  7.15,  7.07.  Calculated  <7(,:  C  53.46;  H  6.98. 

SUMMARY 

1.  A  study  is  made  of  the  reactions  of  6-chlorovinyl  ketones  with  alkylmalonic  esters  which  lead  to  form¬ 
ation  of  alkyl-(y-ketoalkenyl)-malonic  esters,  thus  providing  a  method  of  synthesis  for  compounds  of  this  type. 

2.  The  structure  of  the  compounds  prepared  is  confirmed  by  preparation  of  the  dinitrophenylhydra zones 
and  by  catalytic  hydrogenation. 
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NITROGEN-CONTAINING  DERIVATIVES  OF  ESTERS  OF 
MESO- a,  a’ -DIPHENYLSUCCINIC  ACID 

S.F.  Torf  and  N.V.  Khromov -Borisov 


It  was  earlier  observed  [1]  that  among  derivatives  of  diphenylethane  with  the  general  Formula  (I),  where 
R  =  H  or  alkyl,  are  compounds  possessing  prolonged  curare-like  activity.  In  the  same  work  it  was  shown  that  the 
meso  form  ofCompound  (I)  when  R  =  C«Hs  has  a  considerably  higher  curare -like  activity  than  the  racemate: 

It  It  ^“=^1 

(I) 


I 


Continuing  our  investigations  in  this  direction,  we  decided  to  introduce  carbethoxy  groups  as  radicals  R  in 
Compound  (I)  in  order  to  establish  whether  this  change  would  influence  the  curare -like  activity.  With  this  ob¬ 
jective  we  synthesized  the  diethyl  ester  of  meso- a.  a'-diphenylsuccinic  acid  containing  two  quaternary  ammonium 
groups  at  the  benzene  rings  (I,  R  =  COOCiHs). 


On  the  other  hand  we  know  that  the  iodide  of  the  dicholine  ester  of  succinic  acid  (ditilin)  (II)  possesses  a 
considerable  short -period  curare-like  activity  [2,3,4].  It  appeared  of  interest  to  synthesize  the  dichuline  ester  of 
meso -a.  a'-diphenylsuccinic  acid  (III)  whose  structure  is  that  of  a  diphenylated  derivative  of  ditilin.  In  order  to 
clarify  the  effect  of  substitution  inCompound  (III)  of  methyl  radicals  by  ethyls.  Compound  (IV)  was  synthesized 
which  is  likewise  a  derivative  of  meso- a,  a'-diphenylsuccinic  acid: 

(CHJ,NCH,CH,OCCCH,CH,COOCH,CHJ«(CH^ 

I  <”)  I 


(chj,ncha;h,ooc- 


C4t.C.H,  CH,  CT, 

-t^H-tlH-COOCHiCH/HCH,),  (C^djlcH,CH,OOC-CH— CH-COOClWMi^C,H0, 
(III)  l'  I  (IV)  I 


a,  a'-Diphenylsuccinic  acid  was  obtained  by  the  method  described  in  the  literature  [5-8]:  a-phenylcinna- 
tnonitrile  — *•  a,  a'-diphenylsuccinbnitrile  — ►  a,  a'-diphenylsuccinic  acid.  This  mediod  gave  a  mixture  of  meso 
(73.1%) and  racemic  (19.7%)  a,  a'-diphenylsuccinic  acids;  the  acids  were  transformed  into  the  barium  salts  for 
the  purpose  of  resolution. 


a-Cyano-a'-carbethoxy-a,  a'-diphenylethane  (V)  was  prepared  by  a  new  method  from  benzyl  cyanide  and 
ethyl  a-bromopbenylacelate  with  the  help  of  sodium  ethoxide.  Compound  (V)  was  then  saponified  to  meso-a,  a*- 
diphenyl -succinic  acid.  a-Cyano- a' -carbethoxy- a,  a'-diphenyletfiane  contains  tWo  asymmetric  carbon  atoms 
and  is  therefore  obtained  in  the  form  of  two  racemates.  Thus  it  was  possible  to  isolate  only  one  of  the  racemates, 
from  which  after  saponification  only  meso-a, a' -di-phenylsuccinic  acid  was  obtained. 

By  an  anlogous  sequence  of  reactions,  a-cyano-a'-carbethoxy-a,  a,  a'-triphenylethane  (VI)  was  prefMted 
from  diphenylacetonitrile  and  ethyl  a-bromophenylacetate  with  the  help. of  sodium  ethoxide.  Compouad  (VI) 
is  a  derivative  of  triphenylsuccinic  acid. 


C,H.-CH-CH— Cyi, 

(In  ^(Xx:,h« 

(V) 


C,H,  H 

(In  (^ooc,H( 
(VI) 
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Ethyl  a-bromophenylacetate  was  syntliesized  by  a  modification  of  the  method  of  Tiffeneau  and  Fourneau 
[9]  whereby  phenylacetyl  chloride  flU]  was  not  separated.  Diplienylacetonitrile  was  obtained  by  the  literature 
method  [11]. 

We  synthesized  the  above-mentioned  compounds  (I,  R  =  COOC2*U'  ^nd  IV)  in  the  following  manner: 
from  meso-a,  a*-dipl»enylsuccinic  acid  we  prepared  the  dichloride,  previously  synthesized  by  McRae  and  Town- 
shend  with  the  help  of  phosphorus  pentacliloride  [12]  but  without  indication  of  yield.  We  found  that  the  forma¬ 
tion  of  this  dichloride  goes  very  much  better  if  the  reaction  with  phosphorus  pentachloride  is  conducted  with  ad¬ 
dition  of  phosphorus  oxychloride  since  a  homogeneous  solution  is  then  formed  during  the  reaction.  Yield 

Reaction  of  the  dichloride  of  meso-a,  a'-dipheiiylsuccinic  acid  with  ethyl  alcohol,  dimethylaminoethanol 
and  diethylaminoethanol  gave  the  corresponding  esters  (VII,  VIII,  IX). 

C.H,  C,H, 

C  Jt,OOC  -<!h  — dH-COOCjHi 
(VII) 

C,H.  cyt,  CJHt  C,H, 

I  J  II 

(CH,>,NCH.CH,00C-CH— CH-COOCH,CH,N(CH,),  (C,HJ,NCH,CH,OOC-CH— CH-COOCH,CH/»l(C,Hd,. 

(VIII)  (IX) 

Preparation  of  diethyl  meso- a,  a’-diphenylsuccinate  by  this  method  has  been  described  previously  [12]. 
Bis-(6-diethylaminoeihyl)-a,  fl’-diphenylsuccinate  has  also  been  described  [13].  As  the  authors  point  out,  re¬ 
gardless  of  the  stereoisomeric  form  of  tlie  original  diethyl  ester,  they  obtained  one  and  the  same  dihydrochloride 
of  bis-(fl -diethy^minoethyl)- a,  a'-diphenylsuccinate  with  m.p.  188-190". 

It  is  known  [14]  that  heating  in  alcoholic  solution  in  presence  of  sodium  ethoxide  leads  to  transformation 
of  botli  the  meso  form  and  of  the  racemate  of  diethyl  a,  a'-diphenylsuccinate  into  an  equilibrium  mixture  of  the 
stereoisomeric  forms.  But  since  the  above  authors  carried  out  transesterification  in  presence  of  sodium  diethyl- 
aminoe  thy  late,  they  were  bound  to  have  obtained  an  equilibrium  mixture  of  the  meso  form  and  the  racemate 
of  the  diethylaminoethyl  ester  of  a,  a'-diphenylsuccinic  acid;  hence  the  dihydrochloride  obtained  from  this 
mixture  could  have  the  same  melting  point  in  both  cases  (188-190*). 

The  bis-(6-diethylaminoethyl)meso- a,  a'-diphenylsuccinate  that  we  synthesized  had  m.p.  58-60",  and  its 
dihydrochloride  had  m.p.  205-207*.  Reaction  of  the  bis-(6-dimethylaminoethyl)  and  bis -(6 -diethylaminoethyl) 
esters  of  meso-a,  a'-diphenylsuccinic  acid  with  methyl  iodide  led  to  the  corresponding  bis-ammonium  deriva¬ 
tives  (III  and  IV). 

For  preparation  of  the  dimethiodide  of  the  diethyl  ester  of  tetramethyl-p,p'-diamino-meso- a,  a'-diphenyl¬ 
succinic  acid,  the  diethyl  ester  of  meso-a,  a'-diphenylsuccinic  acid  (VTI)  was  converted  by  direct  nitration  into 
the  diethyl  ester  of  meso-p,p'-dinitro-a,  a'-diphenylsuccinic  acid  (X),  which  was  then  reduced  to  the  diethyl 
ester  of  meso-p,p' -diamino- a,  a'-diphenylsuccinic  acid  (XI).  Reaction  of  the  latter  with  methyl  iodide  in  pre¬ 
sence  of  calcium  carbonate  in  dilute  etiiyl  alcohol  gave  the  dimethiodide  of  the  diethyl  ester  of  tetramethyl- 
p,p'-diamino-meso- a,  a'-diphenylsuccinic  acid  (1,  R  =  000(32^5). 

0,N— C,H,— CH - — CH - C,H4— NO, 

<!oOC,Hs  COOCjH, 

(X) 

- CH - C,H,-NH, 

COOjH,  doOCjH^ 

(XI) 

The  p-  and  p'-positions  of  the  nitro  groups  in  the  diethyl  qster  (X)  were  confirmed  by  synthesis  of  the  same 
ester  by  esterification  of  meso-p,p'-dinitro-a,  a'-diphenylsuccinic  acid  previously  described  in  the  literature  [8, 
12]. 

Pharmacological  investigation,  carried  out  in  the  pharmacological  department  of  the  Institute  of  Experi¬ 
mental  Medicine  of  the  Academy  of  Medical  Sciences  of  the  USSR  by  S.S.  Krylov  and  A. I.  Podlesnaya,  showed 
that  the  dimethiodide  of  the  diethyl  ester  of  tetramethyl-p,p'-diamino-meso- a,  a'-diphenylsuccinic  acid,  the 
iodide  of  the  dicholine  ester  of  meso- ai  a'-diphenylsuccinic  acid  and  the  dimethiodide  of  bis -(fl -diethylamino¬ 
ethyl)  ester  of  meso- a,  a'-diphenylsuccinic  acid  possess  curare-like  activity. 


EXPERIMENTAL 


a-Cyano-fl'-carbethoxy-fl,  g’-diphenylethane  (V).  To  a  solution  of  23.4  g  benzyl  cyanide  and  48.6  g 
ethyl  ester  of  a-bromophenylacetic  acid,  containing  no  hydrogen  bromine  (test  on  Congo),  with  stirring  and 
cooling  in  a  freezing  mixture  was  added  in  the  course  of  20  minutes  a  solution  of  sodium  alcoholate  (4.9  g  so¬ 
dium  in  120  ml  anhydrous  alcohol):  to  wash  off  the  residual  solution  of  sodium  alcoholate,  30  ml  more  anhy¬ 
drous  alcohol  was  added.  Towards  completion  of  adding  the  alcoholate  solution,  the  contents  of  the  reaction 
flask  thickened.  Stirring  was  continued  for  45  minutes  more.  On  the  next  day,  the  precipitate  was  filtered  off 
and  washed  4-5  times  with  alcohol  from  the  colored  mother  liquor.  The  precipitate  was  then  mixed  in  200  ml 
water,  filtered  off,  washed  with  water  and  dried  at  50°.  Weight  25  g.  After  recrystallization  from  400  ml  al¬ 
cohol  in  the  presence  of  activated  charcoal,  21  g  (37.6%)  of  Substance  (V)  was  obtained  with  m.p.  139-140°. 
Alcohol  was  driven  off  from  the  basic  alcoholic  mother  liquor,  the  residue  was  treated  with  water  and  extracted 
with  ether,  dried  with  calcium  chloride  and  after  driving  off  the  ether,  the  residue  was  vacuum -distilled.  At 
76-102°  (1-2  mm)  we  obtained  15.4  g  of  a  quite  mobile  fraction  with  a  pleasant  ester  odor,  not  investigated 
further.  At  165-178°  (1-2  mm)  we  obtained  2.8  g  of  viscous  oil.  Due  to  incipient  decomposition,  distillation 
was  halted.  After  recrystallization  of  2.8  g  of  the  fraction  from  10  ml  alcohol,  we  obtained  0.5  g  a-cyano-a’- 
carbethoxy- a,  a’-diphenylethane  with  m.p.  136-137°. 

Found  %:  C  77.33,  77.58;  H  6.19,  6.18;  N  5.03,  4.99.  CigHnOjN.  Calculated  %:  C  77.42;  H  6.09; 

N  5.02. 

a-Cyano-a*-carbethoxy-a,  a,  a*-triphenylethane  (VI).  To  a  warm  solution  of  sodium  alcoholate  (2.4  g 
sodium  in  65  ml  anhydrous  alcohol)  was  added  with  stirring  19.3  g  fused  diphenylacetic  acid  nitrile  and  15  ml 
anhydrous  alcohol  with  which  the  remaining  nitrile  was  washed  off.  The  resulting  hot  solution  was  cooled  in  a 
freezing  mixture  and  to  the  resulting  suspension  in  the  course  of  20  minutes  was  added  24.3  g  ethyl  ester  of  a- 
bromopheny  lace  tic  acid  and  then  20  ml  anhydrous  alcohol  with  which  the  remaining  ester  was  washed  off  and 
the  temperature  of  the  reaction  mixture  rose  to  14°.  After  30  minutes,  the  dense  friable  precipitate  that  ad¬ 
hered  to  the  walls  was  broken  up  slightly  and  then  the  whole  mass  was  stirred  again  for  1  hour  with  cooling. 

The  heterogeneous  light-lemon  coloration  of  the  precipitate  went  to  a  homogeneous  white.  On  the  next  day, 
the  precipitate  was  filtered  off,  washed  with  alcohol,  mixed  with  200  ml  water  and  filtered  off.  The  weight  of 
the  air-dried  substance  was  27.8  g.  After  recrystallization  from  600  ml  alcohol,  we  obtained  21.7  g  a-cyano- 
a’-carbethoxy- a, a, a'-triphenylethane  with  m.p.  165-166°.  After  driving  off  the  main  bulk  of  the  alcohol,  we 
isolated  2  g  more  of  pure  substance  with  m.p.  164-165*.  Total  yield  was  66.8%. 

The  same  yield  of  product  was  obtained  when  the  solution  of  sodium  alcoholate  was  added  to  a  mixture  of 
diphenylacetic  acid  nitrile  and  ethyl  ester  of  a-bromophenylacetic  acid. 

Found  %:  0  81.10,81.26;  H  5.88,  5.*97;  N  4,02,  4.08.  CggHgAN.  Calculated  %:  0  81.13;  H  5.91; 

N  3,94. 

a,  a’  -Diphenylsuccinic  acid,  a)  75  g  dinitrile  of  a,  a' -diphenylsuccinic  acid  (m.p.  205°)  was  hydrolyzed 
by  the  Wawzonek  method  [7],  The  reaction  mixture  was  diluted  with  water  and  converted  to  a  solution  by  ad¬ 
dition  of  a  solution  of  30.5  g  caustic  soda  in  375  ml  water  [15].  To  the  neutralized  filtered  solution  of  the  so¬ 
dium  salt  was  added  a  solution  of  25  g  barium  chloride  in  200  ml  water.  The  precipitate  which  came  down  of 
the  barium  salt  of  the  racemate  of  a.  a’ -diphenylsuccinic  acid  was  filtered  off.  The  filtrate,  containing  the 
barium  salt  of  meso- a,  a' -diphenylsuccinic  acid,  was  heated  to  70°  and  to  it  was  added  90  ml  concentrated  hy¬ 
drochloric  acid,  diluted  with  100  ml  water.  The  precipitate  which  came  down  was  filtered  off  while  hot, 
washed  with  hot  water  and  dried  at  100°,  The  weight  of  meso -a, a* -diphenylsuccinic  acid  was  63.5  g  (73.1%), 
m.p.  227-229°, 

In  order  to  isolate  the  racemate  of  a,  a’ -diphenylsuccinic  acid,  its  barium  salt  was  boiled  for  2  hours  with 
500  ml  water  and  12  ml  concentrated  sulfuric  acid.  The  insoluble  precipitate  was  filtered  off  while  hot  and 
washed  with  hot  water.  After  cooling,  the  precipitate  of  the  racemate  was  filtered  off.  The  weight  of  the  air- 
dried  precipitate  was  7  g,  m.p.  183-185°.  The  insoluble  precipitate  was  again  boiled  with  the  filtrate  and  wash 
waters  (850  ml).  The  precipitate  of  BaSQ*  was  filtered  off  while  hot.  After  cooling,  from  the  filtrate  was  iso¬ 
lated  11.3  g  mote  racemate  with  m.p.  183-185°.  Yield  of  racemate  of  a,  a’ -diphenylsuccinic  acid,  containing 
1  molecule  water  [8],  19.7%. 

b)  A  mixture  of  27,2  g  a-cyano-a'-carbethoxy-a,  a'-diphenylethane  (V),  68  ml  water,  68  ml  concen¬ 
trated  sulfuric  acid  and  34  ml  acetic  acid  was  boiled  under  reflux  for  7  hours;  the  ester  at  first  melted  and  then 
a  solid  precipitate  began  to  form. 
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About  10  ml  liquid  was  driven  off  from  the  reaction  flask,  from  which  about  6  ml  ethyl  acetate  separated 
out  after  dilution  with  water.  About  5  ml  more  acetic  acid  was  added  to  the  reaction  flask,  the  mixture  was 
boiled  for  6  hours  more,  was  diluted  with  water  and  after  cooling,  the  precipitate  was  filtered  off  and  was  con¬ 
verted  to  a  solution  as  the  sodium  salt,  as  described  in  Method  "a". 

The  solution  which  did  not  contain  the  racemate  of  a,  a'-diphenylsuccinic  acid  (test  with  BaCl2  gave  a 
negative  result),  was  acidified  with  hydrochloric  acid.  The  precipitate  which  came  down  was  filtered  off  while 
hot  and  dried  at  100*.  The  weight  of  meso- a,  a’-diphenylsuccinic  acid  was  24.3  g  (92.3%),  m.p.  227-229". 

Found  %:  C  70.81,  70.77;  H  5.26,  5.19.  Ci6Hu04.  Calculated  7o:  C  71.10;  H  5.20. 

A  mixed  sample  of  meso- a,  a’-diphenylsuccinic  acid,  prepared  by  two  different  methods,  had  m.p.  227- 

229". 

Meso  -  g,  g’  -diphenylsuccinyl  dichloride.  37.8  g  meso -a,  a’-diphenylsuccinic  acid  was  mixed  with  59.5  g 
phosphorus  pentachloride.  To  the  mixture  was  added  40  ml  phosphorus  oxychloride  and  the  reaction  flask  was 
fitted  with  a  reflux  condenser  with  calcium  chloride  tube.  Upon  shaking  manually  for  a  short  time,  a  smooth 
reaction  began  with  evolution  of  hydrogen  chloride.  Heating  was  carried  out  on  a  water  bath  for  about  45  min¬ 
utes  and  finally  at  100"  until  solution  of  meso -a,  a’-diphenylsuccinic  acid;  solution  of  the  latter  served  to  in¬ 
dicate  the  end  of  the  reaction.  Phosphorus  oxychloride  (52  ml)  was  driven  off  on  a  water  bath  (50-60",  40-50 
mm).  The  residue  was  recrystallized  from  175  ml  benzene,  washed  with  benzene  until  the  yellow  color  disap¬ 
peared  and  dried  in  air.  The  weight  of  meso-  a,  a’ -diphenylsuccinyl  dichloride  was  32.3  g  (75.1%),  m.p.  186- 
188".  The  dichloride  was  soluble  in  the  cold  in  chloroform. 

Diethyl  ester  of  meso -g,  a’-diphenylsuccinic  acid.  A  mixture  of  7.2  g  meso -a,  a’ -diphenylsuccinyl 
chloride  and  90  ml  anhydrous  alcohol  was  boiled  with  a  reflux  fitted  with  calcium  chloride  tube  for  several 
hours  on  a  water  bath.  Upon  cooling,  crystals  began  to  come  down  from  the  warm  solution.  After  cooling,  the 
precipitate  was  filtered  off,  washed  with  alcohol  and  dried  at  60".  The  weight  of  diethyl  ester  of  meso- a,  a’- 
diphenylsuccinic  acid  was  7  g  (91.6%),  m.p.  140-141*. 

Bis-(S-dimethylaminoethyl)  ester  of  meso- g,  g’-diphenylsuccinic  acid.  To  9  ml  dimethylaminoethanol 
was  added  in  the  course  of  5  minutes  3  g  meso- a,  a’-diphenylsuccinic  acid  upon  cooling  in  a  water  bath.  Heat¬ 
ing  was  carried  out  on  an  oil  bath  (110-120*)  with  air  condenser,  fitted  with  calcium  chloride  tube,  for  1.5  hours 
until  solution  of  the  precipitate.  The  excess  of  dimethylaminoethanol  was  driven  off  in  vacuum  at  100".  To  the 
residue,  after  cooling,  was  added  20  ml  water  and  the  whole  mass  was  heated  to  50*.  The  softened  precipitate 
was  stirred  for  a  short  time  in  water  and, after  cooling,  was  filtered  off  and  dried  at  60".  During  drying,  the  pre¬ 
cipitate  softened.  The  dried  precipitate  (3.7  g)  was  dissolved  in  25  ml  acetone  and  upon  cooling  with  water, 
through  the  filtered  solution  was  passed  hydrogen  chloride  for  several  minutes  until  the  solution  gave  an  acid  re¬ 
action  (on  Congo).  Cooling  was  carried  out  overnight  with  ice.  The  precipitate  was  filtered  off  and  dried  in 
air.  Weight  1.9  g,  m.p.  232-233.5".  The  precipitate  was  dissolved  with  heating  in  a  mixture  of  4  ml  water  and 
20  ml  acetone  and  to  the  hot  solution  was  added  20  ml  mote  of  acetone.  After  cooling,  the  precipitate  which 
came  down  was  filtered  off,  washed  with  acetone  and  dried  in  air.  Yield  1.6  g(34%)  meso -a, a’-diphenylsuc¬ 
cinic  acid  bis-(6-dimethylaminoethyl)  ester  dihydrochloride,  m.p.  239-240". 

Found  %:  C  59,38,  59.46;  H  7.00,  7.11;  N  5.45,  5.28;  Cl  14.25,  14.27.  C24H^04N2C]2,  Calculated  %: 

C  59.38;  H  7.01;  N  5.78;  Cl  14.64. 

Upon  analysis  for  chlorine  (gravimetrically),  it  proved  necessary  to  wash  the  precipitate  of  AgCl  several 
times  with  warm  dilute  nitric  acid,  since  the  nitrite  of  the  base  precipitated  together  with  AgCl  due  to  its  spar¬ 
ing  solubility  in  water. 

The  free  base  was  isolated  by  running  a  solution  of  0.4  g  dihydrochloride  in  10  ml  water  into  a  filtered 
solution  of  0.5  g  potash  in  10  ml  water.  After  an  hour,  the  precipitate  which  came  down  was  filtered  off, 
washed  with  water  and  dried  in  a  vacuum  desiccator.  Yield  0.33  g  bis-(j3 -dimethylaminoethyl)  ester  of  meso- 
a.  a’-diphenylsuccinic  acid,  m.p.  93-95*.  Quantitative  yield. 

Found  %:  N  6.74,  6.53.  C24H32O4N2.  Calculated  %:  N  6,80. 

Bis-(fi-diethylaminoethyl)  ester  of  meso-g,  g’diphenylsuccinic  acid.  20  g  meso- a,  a’ -diphenylsuccinyl 
dichloride  was  added  in  the  course  of  1  hour  with  water -cooling  to  60  ml  diethylaminoethanol  and  then  heating 
was  conducted  with  an  air  condenser  fitted  with  a  calcium  chloride  tube  until  solution  of  the  precipitate  (2.5 
hours  at  120-130"  on  an  oil  bath).  The  excess  of  diethylaminoethanol  was  driven  off  in  vacuum  on  a  water  bath. 
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After  cooling,  water  was  added  to  the  residue.  The  oily  residue,  the  main  bulk  of  which  solidified  after  30  min¬ 
utes,  was  filtered  off,  washed  with  water  and  dried  in  vacuum  on  a  boiling  water  bath.-  It  was  dissolved  in  110 
ml  acetone  and  upon  being  cooled  in  a  freezing  mixture,  hydrogen  chloride  was  passed  into  the  solution  until  f 

it  gave  an  acid  reaction  (on  Congo).  After  2  hours,  the  precipitate  was  filtered  off,  washed  with  acetone  and 
purified  by  solution  with  heating  in  dilute  acetone  (20  ml  water  and  120  ml  acetone)  and  by  boiling  with  acti¬ 
vated  charcoal.  The  hot  filtrate  was  diluted  with  300  ml  acetone.  After  being  cooled  in  a  freezing  mixture  for 
2  hours,  the  precipitate  was  filtered  off,  washed  with  acetone  and  dried  in  air.  The  weight  of  meso-a,  a’-di- 
phenylsuccinic  acid  bis-(6-diethylaminoethyl)  ester  dihydrochloride  was  12  g  (34<7o),  m.p.  205-206“. 

Found  <5S*  C  61.83  ,  62.00;  H  7.89,  7.79;  N  5.38,  5.35;  Cl  12.94,  12.93.  C2,H4204N2Cl2.  Calculated  fj: 

C  62.11;  H  7.76;  N  5.37;  Cl  13.13. 

The  free  base  was  isolated  from  the  aqueous  solution  of  the  dihydrochloride  by  neutralization  with  aqueous 
potash  solution  as  in  the  preceding  experiment.  The  suspension  which  formed  soon  converted  to  a  crystalline 
precipitate  which  was  filtered  off,  washed  with  water  and  dried  in  a  vacuum  desiccator.  The  bis-(6 -diethyl- 
aminoethyl)  ester  of  meso-a,  a’ -diphenylsuccinic  acid  had  m.p.  58-60“.  Quantitative  yield. 

Found  ‘7o:  N  5.95,  6.19.  C2gH4o04N2.  Calculated  <%c  N  5.98. 

Iodide  of  dicholine  ester  of  meso-g,  g' -diphenylsuccinic  acid  (III).  1.25  g  bis-(fl -dimethylaminoethyl) 
ester  of  meso-g.g’ -diphenylsuccinic  acid  was  dissolved  in  25  ml  acetone  and  to  the  solution  with  shaking  was 
added  1  ml  methyl  iodide.  A  white  precipitate  immediately  came  down,  which  on  the  next  day  was  filtered 
off  and  washed  with  acetone.  Weight  1.95  g.  The  precipitate  was  recrystallized  from  20  ml  water  and  washed 
with  water  and  acetone.  Yield  1.55  g  (73.5<7o)  iodide  of  dicholine  ester  with  m.p.  251-253“. 

Found  <^o\  N  3.92,  4.02;  I  36.10,  36,14.  C26Hj,04N2l2.  Calculated  N  4.03;  I  36.40, 

Dimethiodide  of  bis-(fl -diethylaminoethyl)  ester  of  meso- g,  g* -diphenylsuccinic  acid  (IV).  To  a  solution 
of  1.7  g  bis -(6 -diethylaminoethyl)  ester  of  meso-a,  g’ -diphenylsuccinic  acid  in  30  ml  acetone  was  added  1  ml 
methyl  iodide  with  shaking.  The  white  precipitate  which  came  down  after  several  minutes  was  filtered  off  the 
next  day.  Weight  2.7  g.  After  recrystallization  from  15  ml  water, washing  the  precipitate  with  water  and  ace¬ 
tone,  we  obtained  2  g  (73.3%)  dimethiodide  with  m.p.  225-226”. 

Found  %:  N  3.60,  3.65;  I  33.56,  33.49.  CjoH4604N2l2.  Calculated  %:  N  3.72;  I  33.77. 

Meso"p,p*-dinitro- g,  g* -diphenylsuccinic  acid.  To  50  ml  nitric  acid  (d  1.52),  cooled  in  a  freezing  mix¬ 
ture,  was  added  in  the  course  of  one  hour  with  stirring  10  g  meso-a,  g* -diphenylsuccinic  acid.  The  temperature 
rose  from  -4  to  ■^2“.  After  stirring  and  cooling  was  continued  for  30  minutes  more,  the  whole  mass  was  poured 
on  ice.  The  precipitate  was  filtered  off,  washed  with  water  and  dried  at  60“,  The  dried  precipitate  (12,8  g) 
was  boiled  for  1  hour  with  200  ml  acetic  acid.  The  insoluble  precipitate  was  filtered  off  while  hot  and  washed 
with  acetic  acid.  The  weight  of  the  dried  precipitate  was  8.5  g,  m.p,  227-228“,  This  precipitate  was  dissolved 
in  60  ml  water  with  5  ml  concentrated  ammonia  solution;  the  solution  was  boiled  with  activated  charcoal  and 
the  hot  filtrate  was  poured  in  100  ml  hot  acetic  acid,  containing  10  ml  concentrated  acid.  The  precipitate 
which  came  down  was  filtered  off  while  hot,  washed  with  hot  acetic  acid,  with  water  and  dried  at  100“.  Yield 
7.5  g(56.4%)  meso-p,p’-dinitro- g,  g'-diphenylsuccinic  acid  with  m.p.  238-240“. 

Diethyl  ester  of  meso-p,p' -dinitro- g, g'-diphenylsuccinic  acid  (X).  a)  1  g  meso -p,p’ -dinitro - g,  g' -di¬ 
phenylsuccinic  acid  was  boiled  with  a  reflux  condenser  fitted  with  calcium  chloride  tube  for  27  hours  with  30  ml 
anhydrous  alcohol  and  1  ml  concentrated  sulfuric  acid  and  was  filtered  while  hot  from  the  slight  admixture.  Af¬ 
ter  cooling,  the  precipitate  which  came  down  was  filtered  off.  The  weight  of  dry  precipitate  was  0.65  g,  m.p. 

152-159“.  The  precipitate  was  treated  with  potash  solution,  filtered  off,  washed  with  water,  dried  and  recrystal- 
Uzed  from  25  ml  alcohol.  Yield  0.45  g  (38.8%)  white  diethyl  ester  of  meso-p,p’ -dinitro -g,  g'-diphenylsuccinic 
acid  with  m.p.  159-161“. 

b)  2.5  g  diethyl  ester  of  meso- g,  g’-diphenylsuccinic  acid  was  added  in  the  course  of  10  minutes  to  10 
ml  nitric  acid  (d  1.51)  with  stirring  and  cooling  in  a  freezing  mixture.  The  temperature  rose  from  -5  to  +2“. 

Then,  upon  cooling,  the  whole  mass  was  stirred  for  10  minutes  more  and  poured  on  ice.  The  precipitate  was 
filtered  off,  dried  at  50“  (3.1  g)  and  recrystallized  from  70  ml  alcohol.  Yield  2  g  (62.7%)  white  diethyl  ester 
of  meso-p,p* -dinitro- g,  g’  -diphenylsuccinic  acid  with  m.p.  159-161“.  A  mixed  sample,  prepared  by  Method 
"a",  gave  no  melting  point  depression. 

Found  %:  0  57.96,57.69;  H  4.91,  4.92;  N  6,70,  6.74.  CjoHjoOjNi.  Calculated  %c  C  57.69;  H4.81; 

N  6.73. 
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Diethyl  ester  of  meso-p,p' -diamino-g,  a*-diphenylsuccinic  acid  (XI).  A  mixture  of  2  g  diethyl  ester  of 
meso-p,p'-dinitro- a,  a' -diphenylsuccinic  acid,  4.5  g  calcium  carbonate,  8.5  g  stannous  chloride  (SnClj-  2H20) 
and  40  ml  alcohol  was  boiled  on  a  water  bath  with  reflux  condenser  for  5  hours.  The  slurry  like  mass  which 
formed  was  stirred  well  once  with  a  rod  during  heating.  After  cooling,  the  mixture  was  diluted  with  160  ml 
water,  the  precipitate  was  filtered  off,  washed  with  a  small  quantity  of  water  (there  was  noted  a  retardation 
in  the  rate  of  filtering)  and  dried  at  60*.  The  dry  precipitate  was  boiled  with  40  ml  benzene  and  the  pale -yel¬ 
low  solution  was  filtered  off  while  hot  from  the  precipitate  through  a  glass  filter.  A  precipitate  started  to  come 
down  from  the  still  warm  filtrate.  After  cooling,  the  precipitate  was  filtered  off  and  washed  with  benzene.  The 
weight  of  the  air -dried  diethyl  ester  of  meso-p,p’ -diamino -a,  a' -diphenylsuccinic  acid  was  0.9  g  with  m.p. 
186-187*.  After  dilution  of  the  benzene  mother  liquor  with  the  same  volume  of  petroleum  ether,  we  isolated 
0.3  g  (70.2%)  more  of  the  ester,  which  had  a  cream -colored  tinge.  M.p.  183-185*. 

When  the  reduction  was  carried  out  without  addition  of  calcium  carbonate,  the  reaction  went  faster  but 
the  reaction  product,  isolated  by  pouring  the  cooled  reaction  solution  into  an  aqueous  solution  of  potash  and 
recrystallized  from  benzene,  melted  several  degrees  below  the  cited  melting  point. 

Found  %:  €  67.40,67.48;  H  6.79,  6.86;  N  7.95,  7.85.  C,oH2404N2.  Calculated  %:  €67.41;  H  6.74; 

N  7.85. 

Dimethiodide  of  diethyl  ester  of  tetramethyl-p.p’ -diamino-meso-fl,  a* -diphenylsuccinic  acid  (I,  R=€00€2H5). 
A  mixture  of  0.9  g  diethyl  ester  of  meso-p,p' -diamino- a,  a’ -diphenylsuccinic  acid,  0.6  g  calcium  carbonate, 

10  ml  ethyl  alcohol,  5  ml  water  and  1.8  ml  methyl  iodide  was  boiled  under  reflux  on  a  water  bath  for  5  hours. 
After  cooling  in  a  freezing  mixture,  the  precipitate  was  filtered  off  and  recrystallized  with  activated  charcoal 
from  10  ml  water.  Yield  0.75  g  (42.6%)  of  dimethiodide  of  the  diethyl  ester  of  tetramethyl-p,p' -diamino-meso- 
a.  a' -diphenylsuccinic  acid  with  m.p.  212-214*. 

Found  %c  N  4.13,  3.97;  1  36.38,36.59.  €2eHj804N2l2.  Calculated  %:  N  4.02;  1  36.54. 

SUMMARY 

1.  The  following  derivatives  of  meso- a,  a’ -diphenylsuccinic  acid,  containing  two  quaternary  ammonium 
groups  were  synthesized:  the  iodide  of  the  dicholine  ester  of  meso- a,  a’ -diphenylsuccinic  acid,  the  dimeth¬ 
iodide  of  the  bis-(fi -diethylaminoethyl)  ester  of  meso-a,  a’-dipherylsuccinic  acid,  and  the  dimethiodide  of  the 
diethyl  ester  of  tetramethyl-p,p' -diamino-meso- a.  a’ -diphenylsuccinic  acid. 

2.  Meso -a,  o' -diphenylsuccinic  acid  was  obtained  by  a  new  method:  from  benzyl  cyanide  and  the  ethyl 
ester  of  a-bromophenylacetic  acid  in  presence  of  sodium  ethoxide. 

3.  All  three  esters  possess  curare -like  activity. 
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DERIVATIVES  OF  P  Y  RI  D  O -(  3 , 2  -  d  )  -  T  H I A  Z  OLE 


S.G.  Fridman 


The  synthesis  of  pyrido-(3,4-d)-thiazole  (I)  and  of  some  of  its  derivatives  was  described  in  the  previous 
communication  [IJ. 

It  appeared  of  interest  to  obtain  analogous  derivatives  of  pyrido-(3,2-d)-thiazoIe  (II)  and  to  compare 
their  properties: 


/\/\  /\/% 

I  CH  I  I  CH. 

(I) 


S 


Pyrido-(3,2-d)-thiazoIe  has  been  especially  closely  studied.  The  following  derivatives,  for  example,  are 
known:  2-methyl-,  2-amino-,  2-hydroxy-,  2-mercapto-,  2-alkylmercapto-,  and  2-chloropyrido-(3,2-d)-thia - 
zoles  and  their  5-  and  6-substituted  derivatives  [2].  However,  pyrido-(3,2-d)-thiazole-2-carboxylic  acid  and 
pyrido-(3,2-d)-thiazole  itself  have  not  previously  been  described. 

The  objective  of  the  present  work  was  the  synthesis  of  pyrido-(3,2-d)-thiazole-2-carboxylic  acid  and  its 
amide,  hydrazide  and  acylhydrazones.  The  starting  compound  for  the  synthesis  of  these  derivatives  is  2-methyl- 
pyrido-(3,2-d)-thiazole.  Preparation  of  the  latter  was  described  by  Japanese  chemists  in  a  difficultly  accessible 
journal  [3].  We  had  the  opportunity  of  consulting  this  article  which  gives  details  of  the  preparation,  boiling 
point  and  melting  point  of  the  compound.  The  2-methylpyrido-(3,2-d)-thiazole  that  we  prepared  by  this 
method  was  oxidized  by  potassium  permanganate  to  pyrido-(3,2-d)-thiazole-2-carboxylic  acid,  and  the  acid 
was  converted  to  the  ester,  amide,  hydrazide  and  acylhydrazones  by  a  scheme  similar  to  that  set  forth  in  the 
preceding  communication[l].  Decarboxylation  of  pyrido-(3,2-d)-thiazole -2 -carboxylic  acid  gave  the  previously 
unknown  pyrido-(3,2-d)-thiazole. 

Pyrido-(3,2-d)-thiazole-2-carboxylic  acid  forms  colorless  needles  (decomp,  at^ .  136*).  Its  acid  chloride, 
like  the  acid  chloride  of  pyrido-(3,4-d)-thiazole -2 -carboxylic  acid,  was  not  isolated  in  the  pure  form.  Attempts 
to  recrystallize  the  acid  chloride  from  benzene  or  ligroine  led  to  its  transformation  into  a  compound  with  m.p. 
186-187*  whose  nitrogen  content  corresponds  to  that  of  the  acid  chloride,  but  it  does  not  form  the  anticipated 
methyl  ester  when  boiled  with  methyl  alcohol.  This  product  is  probably  the  result  of  interaction  of  two  molecules 
of  acid  chloride  according  to  the  scheme: 


2 


^-COCI 

I 

CO-C  I  I 


Esters  of  pyrido-(3,2-d)-thiazole -2 -carboxylic  acid  were  obtained  by  boiling  the  unpurified  acid  chloride 
with  methyl  or  ethyl  alcohol.  The  amide  of  pyrido-(3,2-d)-thiazole-2-carboxylic  acid  is  obtained  by  the  action 
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of  aqueous  concentrated  ammonia  solution,  while  the  hydrazide  is  formed  by  the  action  of  hydrazine  hydrate 
on  the  ester  of  this  acid  at  room  temperature. 

The  fact  that  the  hydrazide  is  not  obtained  on  heating  indicates  cleavage  of  the  thiazole  ting  by  hydra¬ 
zine  hydrate  when  heated.  This  phenomenon  was  also  observed  in  the  action  of  hydrazine  hydrate  on  the  meth¬ 
yl  ester  of  pyrido-(3,4-d)-thiazole -2 -carboxylic  acid  [1]. 

Acylhydrazones  of  pyrido-(3,2-d)-thiazole-2-carboxylic  acid  are  readily  formed  and  in  quantitative 

yield. 

The  solubility  in  water  and  in  organic  solvents  of  derivatives  of  pyridc -(3, 2 -d) -thiazole  is  considerably 
lower  than  that  of  the  corresponding  derivatives  of  pyrido-(3,4-d)-thiazole,  and  tf^e  melting  points  are  very 
much  lower. 


EXPERIMENTAL 

2-Chloro-3-nitropyridine  was  the  starting  substance  in  the  preparation  of  the  2-methylpyrido-(3,2-d)- 
thiazole  that  we  needed.  It  was  prepared  by  the  action  of  phosphorus  penta chloride  on  2“hydroxy-3“nitropyri- 
dine  [3],  and  the  latter  separated  out  of  a  mixture  of  isomers  which  formed  upon  nitration  of  2-hydroxypyridine. 

2 “Hydroxy pyridine  was  prepared  by  the  method  of  A.E.  Chichibabin  and  Shapiro  [4]  by  diazotization  of 

2- aminopyridine.  The  solution  of  the  diazo  compound  was  neutralized  with  sodium  carbonate  until  it  gave  a 
slightly  acid  reaction  and  was  evaporated  to  dryness  on  a  water  bath.  The  dry  residue  was  extracted  with  hot 
chloroform  and, after  driving  off  the  chloroform,  2-hydroxypyridine  distilled  at  288°.  Yield  83*70,  m.p.  105-106’’, 
which  corresponds  to  the  literature  data  [4]. 

Nitration  of  2 -hydroxy pyridine  and  separation  of  the  isomeric  nitro  derivatives  were  carried  out  under  the 
conditions  described  in  the  literature  [5];  however,  the  yield  cited  by  the  authors  for  2-hydroxy-3-nitropyridine 
was  never  reached  by  us. 

3,3*-Dinitro-2,2'-dipytidyI  disulfide  was  first  prepared  by  Chichibabin  and  Woroshtzow  [6]  from  2-chloro- 

3 - ratropyridine  and  potassium  hydrosulfide  in  alcoholic  solution.  The  compound  had  m.p.  202-205^.  For  the 
disulfide,  synthesized  by  the  same  method,  the  literature  cites  m.p.  249-250°  [S].  We  prepared  it  from  2-chloro- 
3 -nitropyridine  and  sodium  disulfide.  After  crystallization  from  glacial  acetic  acid,  our  product  had  m.p.  203- 
205°.  Evidently,  the  melting  point  given  in  the  literature  was  erroneous. 

2  -Methylpyrido -(3,2 -d)-thlazole  was  prepared  by  reducing  the  disulfide,  with  zinc  dust  in  acetic  acid  the 
same  as  in  die  case  of  2-methylpyrido-(3,4-d)-thiazole,  After  driving  off  the  chloroform,  the  residue  was 
vacuum  distilled,  120-123*  at  12  mm.  The  literature  data  [3]  give  ir8-120°  (10  mm).Yield  of  distilled  2- 
methylpyrido “(3,2 -d) -thiazole  was  52«ifc. 

Tlie  hydrochloride  was  prepared  by  combining  an  ethereal  solution  of  2-methylpyrido-(3,2“d)-thiazole 
with  an  ethereal  solution  of  hydrogen  chloride.  The  salt  was  re  cry  stall!  zed  from  alcohol  with  ether.  M.p. 
188-189°. 

Found  %:  N  14.50,  14.53.  C7H7N1GIS.  Calculated  N  15.01. 

The  pi  crate  was  prepared  in  alcoholic  solution  and  recrystallized  from  a  small  quantity  of  alcohol.  M.p. 

150°. 

Found  <7,:  N  18.31,  18.29;  S  8.50,  8.70.  Cis,H907NsS.  Calculated  <7o:  N  18.47;  S  8.44. 

Pyrido  -<3,2 -d)-thiazole -2 -carboxylic  acid.  To  a  suspension  of  7  g  2-methylpyrido-(3,2-d)-thiazole  in 
250  ml  water, with  heating  on  a  water  bath  and  mechanical  stirring.was  added  20  g  of  finely  ground  potassium 
permanganate  in  small  portions.  When  addition  of  potassium  permanganate  was  complete,  the  mixture  was 
heated  for  30  minutes  more  with  stirring  and  then  several  drops  of  perhydrol  was  added  to  decolorize  the  excess 
of  permanganate.  The  hot  mixture  was  filtered  and  the  precipitate  was  extracted  twice  with  hot  water.  The 
combined  filtrates  were  evaporated  down  to  45-50  ml  volume  and,after  coding,  the  solution  was  carefully 
acidified  with  dilute  hydrochloric  acid  until  it  gave  a  slightly  acid  reaction  on  Congo.  The  white  precipitate 
which  came  down  was  filtered  off  after  some  time  and  then  dissolved  in  a  saturated  solution  of  sodium  carbonate; 
the  solution  was  boiled  with  charcoal,  filtered  and  precipitated  with  dilute  hydrochloric  acid.  Yield  3.6  g  (43*7o). 
M.p.  136°  (decomp.). 
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Found  <yo:  N  15.47,  15.29;  3  17.60,17.73.  C7H4O2N1S.  Calculated  >70:  N  15.55;  3  17.77. 


Methyl  ester  of  pyrido -(3,2 -d)-thiazole -2 -carboxylic  acid.  2  g  pyrido-(3.2-d)-thiazolecarboxylic  acid 
was  mixed  with  10  ml  thionyl  chloride  and  the  mixture  was  heated  on  a  water  bath  for  3  hours  at  70-80®.  To¬ 
wards  completion  of  heating  a  transparent  solution  formed.  After  driving  off  the  excess  of  thionyl  chloride,  a 
liquid  remained  which  crystallized  upon  cooling.  To  the  crystalline  mass  was  added  30  ml  anhydrous  methyl 
alcohol  and  the  mixture  was  boiled  on  a  water  bath  for  45  minutes.  Alcohol  was  driven  off  from  the  resulting 
solution,  the  residue  was  covered  with  15  ml  saturated  aqueous  solution  of  sodium  carbonate  and  the  methyl 
ester  of  pyrido-(3,2-d)-thiazole -2 -carboxylic  acid  was  repeatedly  extracted  with  chloroform.  After  driving  off 
the  chloroform,  crystals  remained  which  were  recrystallized  from  ligroine.  Yield  1.4  g  (65‘7o,  on  acid  taken  for 
reaction).  M.p.  143®. 

Found  %:  N  14.6,  14.37.  CgHgOjNjS.  Calculated  <7o:  N  14.43. 

Ethyl  ester  of  pyrido-(3,2-d)-thiazole -2 -carboxylic  acid  was  prepared  in  the  same  manner  as  the  methyl 
ester.  Yield  0.7  g  (61%).  It  was  recrystallized  from  ligroine.  Light -yellow  needles  with  m.p.  87®. 

Found  %:  N  13.34,  13.60.  CjHjOjNiS.  Calcylated  %:  N  13.46. 

Amide  of  pyrido-(3,2-d)-thiazole-2-carboxylic  acid.  To  0.5  g  methyl  ester  of  pyridothiazolecarboxylic 
acid  was  added  10  ml  concentrated  aqueous  ammonia  solution  and  the  mixture  was  set  aside  for  48  hours.  The 
precipitate  was  filtered  off  and  recrystallized  from  a  large  quantity  of  water.  Yield  0.36  g  (73%).  Colorless 
needles  with  m.p.  289®. 

Found  %:  N  23.20,  23.29.  CtHjONjS.  Calculated  %:  N  23.46. 

Hydrazide  of  pyrido-(3,2-d)-thiazole-2-carboxylic  acid.  To  a  solution  of  0.5  g  methyl  ester  of  pyrido- 
(3,2 -d)-thiazole -2 -carboxylic  acid  in  10  ml  methyl  alcohol  was  added  0.5  g  hydrazine  hydrate  at  room  temper¬ 
ature.  After  30  minutes,  the  precipitate  which  came  down  was  filtered  off,  washed  with  methyl  alcohol  and  re- 
crystallized  from  ethyl  alcohol.  Yield  0.38  g(76%).  Colorless  needles,  m.p.  258®  (decomp.). 

Found  7o:  N  29.16,  29.11.  C7HeN4S.  Calculated  %:  N  28.86. 

Hydrazone  with  benzaldehyde.  To  a  boiling  solution  of  0.2  g  hydrazide  of  pyrido-(3,2-d)-thiazole-2- 
carboxylic  acid  in  5  ml  glacial  acetic  acid  was  added  a  solution  of  0.2  g  benzaldehyde  in  1  ml  of  the  same 
acid  and  the  mixture  was  boiled  for  5  minutes.  Upon  cooling,  2  ml  water  was  added,  the  precipitate  of  the  hy¬ 
drazone  was  filtered  off  and  recrystallized  from  150  ml  alcohol.  Yield  0.24  g  (86%).  Colorless  needles  with 
m.p.  261®. 

Found  %:  N  19.39,  19.27,  Ci4HioON4S.  Calculated  %;  N  19.53. 

Hydrazone  with  salicylaldehyde.  It  was  prepared  in  the  same  manner  as  the  preceding  from  0.2  g  hydra¬ 
zide  of  pyrido-(3,2-d)-thiazole-2 -carboxylic  acid  and  0.2  g  salicylaldehyde.  It  was  recrystallized  from  a  large 
quantity  of  alcohol.  Yield  0.27  g  (90%).  Colorless  needles  with  m.p.  252®. 

Found  %:  N  18.68,  18.62.  C14H10O2N4S.  Calculated  %:  N  18.79. 

Pyrido -(3,2-d)-thiazole.  1  g  pyrido-(3,2-d)-thiazole-2 -carboxylic  acid  was  heated  in  an  open  test  tube 
on  an  oil  bath  at  160-175®  for  10  minutes  and  then  the  contents  of  the  test  tube  were  extracted  with  boiling 
ligroine,  the  ligroine  solution  was  boiled  with  charcoal,  the  solvent  was  driven  off  and  the  residue  was  recrystal¬ 
lized  from  petroleum  ether.  Yield  0.42  g  (54%).  Colorless  needles  with  m.p.  53*. 

Found  %:  N  20.50,  20.28.  C6H4N2S.  Calculated  %:  N  20.58. 

SUMMARY 

1.  Pyrido-(3,2-d)-thiazole-2-carboxylic  acid,  its  methyl  and  ethyl  esters,  amide,  hydrazide  and  two  hy¬ 
dra  zones  were  prepared. 

2.  Pyrido-(3,2-d)-thiazole  was  obtained  by  decarboxylation  of  pyrido-(3,2-d)-thiazole -2 -carboxylic  acid. 
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DERIVATIVES  OF  BE  N  Z  O  T  H I  A  Z  O  LE 
II.  REACTION  OF  2-BENZOTHIAZOLESULFONIC  ACID  WITH  NITROGEN  BASES 

L.R,  Davidenkov  andB.A.  Pora  i -Koshits 


As  was  earlier  reported  [1],  by  heating  potassium  2-benzothiazolesulfonate  with  aqueous  solutions  of  am¬ 
monia,  hydrazine  and  hydroxy lamine,  the  sulfo  group  of  2-benzothiazolesulfonic  acid  is  easily  cleaved  to  give 
the  corresponding  electron -dona ting  residues. 

These  facts  gave  grounds  for  suggesting  that  2-benzothiazolesulfonic  acid  would  react  also  with  other 
nitrogen  bases  and  that  consequently  many  2-derivatives  of  benzothiazole  could  be  conveniently  obtained  by 
this  route.  We  therefore  decided  to  make  a  more  detailed  study  of  the  reaction  in  question.  For  this  purpose 
we  investigated  the  interaction  of  2-benzothiazolesulfonic  acid  with  characteristic  representatives  of  nitrogen 
bases;  ammonia,  methy lamine,  dimethy lamine,  aniline,  methylaniline  and  diphenylamine;  reactions  with 
hydrazine,  semicarbazide,  phenylhydrazine,  2-hydrazinobenzothiazole  and  hydroxylamine  were  also  investigated. 
In  short,  we  took  the  simplest  monosubstituted  amine  of  the  aliphatic  series,  the  simplest  disubstituted  amine 
of  the  aliphatic  series,  and  so  on. 

The  experiments  confirmed  our  ideas:  in  nearly  all  cases  2-benzothlazolesulfonic  acid  reacted  accord¬ 
ing  to  the  scheme  proposed  above.  The  reaction  was  conducted  under  fairly  mild  conditions  and  gave  very 
good  yields.  However,  2-benzothiazolesulfonic  acid  did  not  react  with  methylaniline,  diphenylamine  or  ethyl- 
aniline.  The  failure  of  2-benzothiazolesulfonic  acid  to  react  with  alkylanilines  is  extremely  unexpected.  2- 
Chlorobenzothiazole  which, in  respect  of  susceptibility  to  substitution  reactions,  is  entirely  similar  to  2-benzo¬ 
thiazolesulfonic  acid,  reacts  with  methylaniline  [2]  just  as  easily  as  with  aniline  [3].  As  far  as  we  kno)v,  the 
lack  of  reaction  between  2-benzothiazolesulfonic  acid  and  alkylanilines  is  the  first  observed  case  of  a  difference 
in  the  behaviors  of  the  mobile  sulfo  group  and  of  a  mobile  halogen  atom  in  compounds  with  an  aromatic  char¬ 
acter. 

For  confirmation  of  the  structure  of  (benzothiazolyl-2)-semicarbazide-l  (I)  and  2,2'-hydrazobenzothiazole 
(II),  which  have  been  obtained  for  the  first  time,  and  also  of  the  structure  of  2-phenylhydrazobenzothiazole  (III), 
which  has  only  been  described  in  a  patent  [4],  we  subjected  these  compounds  to  oxidation: 

- N  - N  N - ii^^t 

(I)  (II) 

- N 

(III) 

In  all  cases  we  obtained  azo  products  with  the  corresponding  composition:  benzothiazole  azocarboxylic  acid 
amide  (IV),  2,2'-azobenzothiazole  (V)  and  2-phenyl  azobenzothiazole  (VI). 
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EXPERIMENTAL 

2-Amlnoben2tothiazole.  6  g  potassium  2-benzodiiazolesulfonate  (preparation  previously  described  [1]) 
and  35  ml  25<^  aqueous  solution  of  ammonia  were  heated  in  a  sealed  tube  for  4  hours  at  125*.  Upon  cooling. 
2~aminobenzothiazole  separated  out,  was  washed  on  a  filter  with  cold  water  and  dried.  Yield  of  impure  sub¬ 
stance  was  65-10%.  Recrystallized  from  benzene, 2-aminobenzothiazole  was  obtained  in  the  form  of  leaflets 
with  a  pearly  lustre  and  with  m.p.  128*  [5].  For  its  identification  we  prepared  the  picrate  (in  a  medium  of 
glacial  acetic  acid)  with  m.p.  265*  [6]. 

2-Methylaminobenzothiazole.  A  solution  of  4  g  methylamine  hydrochloride  in  30  ml  water  was  neutral¬ 
ized  with  2.6  g  anhydrous  soda,  then  mixed  widi  6  g  potassium  2-benzothiazosulfonate  and  the  mixture  was 
heated  in  a  sealed  tube  for  3  hours  at  115-120*.  Upon  cooling,  the  reaction  mixture  was  rubbed  in  a  mortar 
(2-methylaminobenzothiazole  was  obtained  in  the  f(xm  of  a  flat  cake),  was  sucked  off  from  the  liquid,  washed 
on  the  filter  with  cold  water  and  dried.  Yield  of  impure  2-methylaminobenzothiazole  90-95%l  Recrystallized 
from  dilute  ethyl  alcohol  (1:2)  in  the  presence  of  activated  carbon,  it  was  obtained  in  the  form  of  colorless 
leaflets  with  a  pearly  lustre  with  m.p.  138*  [T). 

Found  %  N  17.26.  17.34.  C,H,N,S.  Calculated  %  N  17.07. 

2-Dimethylaminobenzothiazole.  5  g  dimethylamine  hydrochloride,  3.4. g  anhydrous  soda,  6  g  potassium 
2-benzothiazolesulfonate  and  30  ml  water  were  heated  for  3  hours  at  130*.  Yield  of  impure  product  was  85-90<^. 
It  is  most  efficient  to  purify  it  by  vacuum  distillation  (less  efficient  is  recrystallization  from  gasoline).  2- 
Dimethylaminobenzothiazole  was  obtained  in  the  form  of  colorless  coarse  crystak  widi  m.p.  87*  [8].  It  must 
be  noted  that  the  method  of  purifying  2-dimethylaminobenzothiazole  (crystallization  from  a  small  quantity  of 
ethyl  alcohol)  that  the  literature  recommends  is  completely  ineffective  according  to  our  data. 

Found  %  C  60.55,  60.74;  H  5.44,  5.51.  C«HioN,S.  Calculated  %  C  60.67;  H  5.62. 

2-Anilinobenzothiazole.  A  mixture  of  4  g  potassium  2-benzothiazosulfonate.  2.3  ml  aniline  and  16  ml 
water  was  heated  in  a  sealed  tube  for  3  hours  at  130*.  Upon  cooling,  crystak  of  2-anilinobenzothiazole  sepa’ 
rated  out  from  the  liquid,  were  washed  on  a  filter  with  cold  water  and  then  with  several  portions  of  dilute 
ethyl  alcohol  (1:1).  The  latter  operation  was  carried  out  until  the  alcoholic  filtrate  did  not  become  turbid 
upon  dilution  widi  water.  2-Anilinobenzothiazole  was  further  dried.  The  yield  of  impure  product  was  65-70%. 
Recrystallized  from  2-anilinobenzothiazole,  it  was  obtained  in  the  form  of  colorless  short  needles  with  m.p. 

158*  [9].  The  picrate  was  prepared  for  identification  (in  a  medium  of  glacial  acetic  acid);  it  had  m.p.  224* 

[2].  It  must  be  noted  that  2-anilinobenzothiazole  could  ako  be  recrystallized  from  benzene  or  alcohol. 

2-Hydrazinobenzothiazole.  10  g  hydrazine  dihydrochloride  (m.p.  198*)  was  dissolved  with  heating  in 
40  ml  water,  neutralized  widi  10  g  anhydrous  soda  and  to  the  resulting  solution  was  added  10  g  potassium  2- 
benzothiazolesulfonate  and  the  reaction  mixture  was  heated  for  30-40  minutes  on  a  boiling  water  bath.  Upon 
cooling,  the  reaction  mass  (strongly  thickening  from  the  crystak  that  were  forming)  was  agitated  with  water, 
transferred  to  a  filter  and  die  2-hydrazinobenzothiazole  that  had  formed  was  separated  off,  thoroughly  washed 
with  cold  water  and  dried  at  about  80*.  The  yield  of  impure  substance  was  90-95%  Recrystallized  from  dilute 
ethyl  alcohol  (1:1)  in  presence  of  activated  carbon,  it  was  obtained  in  the  form  of  colorless  acicular  crystak 
with  m.p.  197*.  The  substance  had  to  be  Stored  in  the  dark. 

Instead  of  hydrazine  dihydrochiodde  and  soda,  an  equivalent  quantity  of  hydrazine  hydrate  may  be 
used  successfully.  However,  use  of  hydrazine  sulfate  results  in  failure. 
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(Benzothiazolyl-2) -semicarbazide  -1.  A  hot  solution  of  10.6  g  semicarbazide  hydiochloride  in  50  ml  hot 
water,  neutralized  with  4  g  anhydrous  soda  •,  was  poured  in  a  small  flask  fitted  with  reflux  condenser.  To  this 
was  added  12  g  potassium  2-benzothiazosulfoRate  and  the  whole  mass  was  boiled  with  continuous  mechanical 
stirring  for  25-30  minutes.  Upon  cooling,  the  product  that  formed  was  sucked  off,  washed  on  a  filter  with  cold 
water  and  dried.  The  yield  of  impure  substance  was  75-80%.  Recrystallized  from  large  amounts  of  ethyl  alco¬ 
hol, (benzothiazolyl-2)-semicarbazide  was  obtained  in  the  form  of  fine  colorless  crystals  with  m.p.  217®.  Dilute 
solutions  of  benzothiazolyl  semicarbazide  in  solvents  assume  an  intense  blue  color  under  the  action  of  caustic 
alkalis. 

Found  %:  N  27.21,  27.10;  5  15.13,15.58.  CgHgON^S.  Calculated  %:  N  26.90;  5  15.38. 

Amide  of  benzothiazole  azocarboxylic  acid  *  *  To  a  suspension  of  2  g  benzothiazolylsemicarbazide  in 
300  ml  boiling  water  with  stirring  was  added  a  hot  solution  of  1  g  potassium  permanganate  in  20  ml  hot  water 
acidified  with  6  ml  IN  sulfuric  acid.  The  resulting  orange  liquid  was  rapidly  filtered  off  while  hot  from  the 
manganese  residue  and  set  aside  to  cool  slowly.  Upon  cooling,  the  crystalline  precipitate  of  benzothiazole 
azocarboxylic  acid  amide  was  separated  off,  washed  on  a  filter  with  cold  water  and  dried.  The  yield  was  70-75%. 
Recrystallized  from  glacial  acetic  acid,  benzothiazole  azocarboxylic  acid  was  obtained  in  the  form  of  brick-red 
acicular  crystals  with  m.p.  173®. 

Found  %:  N  27.40,  27,46,  M  210,  205  (in  dioxane  *  •  •).  C8H6ON45.  Calculated  %:  N  27.18;  M  206. 

2 -Phenylhydrazobenzothiazole.  A  mixture  of  10  g  recrystallized  potassium  2-benzothiazolesulfonate, 

8.5  ml  distilled  phenylhydrazine  and  30  ml  water  was  heated  for  2-3  hours  on  a  boiling  water  bath.  Upon 
cooling,  the  reaction  mass  (strongly  thickened  from  the  crystals  that  formed)  was  agitated  with  water,  placed 
on  a  filter  and  further  treated  the  same  as  in  the  case  of  2-anilinobenzothiazole.  The  yield  of  quite  pure  pro¬ 
duct  was  70-75%.  Recrystallized  from  a  large  quantity  of  ethyl  alcohol,  2 -phenylhydrazobenzothiazole  was 
obtained  in  the  form  of  fine  needles  with  m.p.  227®  [4]. 

It  must  be  noted  that  the  yield  was  greater  when  the  synthesis  of  2 -phenylhydrazobenzothiazole  was  car¬ 
ried  out  in  sealed  tubes  at  130®. 

Found  %:  N  17.68,  17.45.  Ci4HaN35.  Calculated  %:  N  17.43. 

2 -Phenyl  azobenzothiazole.  A  mixture  of  2  g  2 -phenylhydrazobenzothiazole,  5  g  mercuric  oxide  and 
40  ml  ethyl  alcohol  was  boiled  for  10-15  minutes.  (To  moderate  the  boiling  it  was  necessary  to  use  bits  of 
unglazed  porcelain.)  The  reaction  mixture,  while  hot,  was  then  filtered;  the  filtrate  was  diluted  with  a  small 
quantity  of  hot  water  and  set  aside  to  cool  slowly.  Upon  cooling,  2-phenyl  azobenzothiazole  was  separated  off 
and  dried.  The  yield  of  sufficiently  pure  product  was  75-80%.  Recrystallized  from  dilute  acetic  acid  (2:1).  it 
was  obtained  in  the  form  of  orange  needles  with  m.p.  142®. 

Found  %:  N  17,88,  17.68.  M  222,  235.  CijH9Ns5.  Calculated  %:  N  17,57.  M  239. 

2,2'  -Hydrazobenzothiazole.  4  g  2-hydrazinobenzothiazole  was  rubbed  in  a  mortar  with  6  g  potassium  2- 
benzothiazolesulfonate  and  then  this  mixture  together  with  25  ml  water  was  heated  in  a  sealed  tube  for  3  hours 
at  140-150°.  Upon  cooling,  the  reaction  mass  was  separated  off  from  the  liquid,  washed  on  a  filter  with  cold 
water  and  then  twice  agitated  with  some  dilute  hydrochloric  acid  (1:4)  and  twice  filtered  from  the  acid  solution. 
Finally,  the  completely  washed  product  was  dried.  Yield  of  impure  2,2’ -hydrazobenzothiazole  was  30-35%.  Its 
purification  was  accomplished  by  recrystallization  from  aniline  with  subsequent  washing  with  benzene  on  a 
filter.  2,2' -Hydrazobenzothiazole  waS  thus  obtained  in  form  of  fine  colorless  needles,  having  the  form  of  a 
belt-like  mass.  The  substance  had  to  be  stored,  in  the  dark.  We  failed  to  determine  the  melting  point,  since 
upon  heating,  the  substance  gradually  was  converted  to  2,2* -azobenzothiazole  (judging  by  the  corresponding 
color  reaction,  see  belov.'). 

Although  2,2' -hydrazobenzothiazole  is  noted  in  the  reference  journals  as  a  known  compound,  in  its  orig¬ 
inal  source  [11]  its  constants  are  not  given.  Evidently,  this  structure  was  ascribed  .without  verification,  to  the 
(insoluble  in  dilute  acids)  reaction  product  of  2-chlorobenzothiazole  with  hydrazine  hydrate. 


•  In  this  synthesis  the  soda  was  taken  in  insufficient  quantity  (4  g  instead  of  5) since  otherwise  the  synthesis 
is  usually  unsuccessful. 

•  •  Compare  preparations  of  amide  of  benzene  azocarboxylic  acid  [10]. 

•  •  •  Value  of  cryoscopic  constant  for  dioxane  (4.7)  [13]. 
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Found  <7o:  N  18,76.  18.68;  S  21.70,  21.63.  Ci4HioN4S2.  Calculated  <7o:  N  18.79;  S  21.48. 

2.2*  -Azobenzothiazole.  A  mixture  of  0.4  g  2.2' -hydra zobenzothiazole,  1.6  g  mercuric  oxide  and  12  ml 
chlorobenzene  was  bo.led  for  5-10  minutes  and  then  the  still  hot  liquid  was  filtered.  Upon  cooling,  the  2.2'- 
azobenzothiazole  which  came  down  was  separated  off  and  dried.  A  very  pure  product  was  obtained  which  was 
in  the  form  of  fine  cherry -red  needles  with  m.p.  294*  (295*)  [12].  The  substance  crystallized  from  chloroben¬ 
zene.  The  action  of  concentrated  KOH  solution  colored  an  alcoholic  solution  of  2,2' -azobenzothiazole  dark- 
green.  Upon  subsequent  dilution  with  water,  the  initial  color  returned. 

Found ‘jk  N  19.12,  19.08.  Ci4HgN4S2.  Calculated  N  18.92. 

SUMMARY 

1.  2-Benzothiazolesulfonic  acid  reacts  with  facility  with  various  nitrogen  bases.  With  a  few  exceptions, 
this  reaction  is  a  very  convenient  method  of  synthesis  of  many  2 -derivatives  of  benzothiazole. 

2.  For  the  first  time  an  example  was  observed  of  differing  behaviors  of  the  mobile  sulfo  group  and  of  the 
mobile  halogen  atom  in  compounds  of  aromatic  character:  2-chlorobenzothiazole  reacts  with  aniline  and  with 
methylaniline,  but  2-benzothiazolesulfonic  acid  reacts  only  with  aniline. 
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TAUTOMERIC  COMPOUNDS 


XXI.  TAUTOMERISM  OF  DERIVATIVES  OF  DIPYRAZOLONYL-PHENYL-METHANE 
A.E.  Pora  i  -  Koshits,  *8.  A.  Pora  i  - Koshi  ts  and  N.G.  Lipina 

In  an  earlier  communication  [1]  careful  consideration  was  given  to  the  problem  of  the  structure  and  trans¬ 
formations  of  dipyrazolonyl-m-nitrophenylmethanes.  It  was  found  that  the  reciprocal  transformations  of  white 
and  yellow  dipyrazolonyl-m-nitrophenylmethanes  are  an  example  of  keto-enol  tautomerism,  the  white  product 
being  the  enol  and  the  yellow  one  the  keto  form. 

In  the  present  communication  we  examine  the  influence  of  the  character  and  position  of  the  substituent 
in  the  aldehyde  residue  upon  the  tautomerism  of  dipyrazolonyl-aryl-methanes.  We  selected  for  investigation 
dipyrazolone  derivatives  of  benzaldehyde,  o-,  m-  and  p-nitrobenzaldehydes,  and  their  chloro  and  hydroxy  ana¬ 
logs. 

Employing  the  methods  of  preparation  of  the  white  and  yellow  products  developed  for  dipyrazolonyl-m- 
nitrophenyl-methanes,  we  condensed  1 -phenyl-3 -methyl-pyrazolone -5  with  all  the  above-mentioned  aldehydes. 
During  the  experiments  we  found  that  products  of  condensation  of  the  pyrazolone  with  aldehydes  substituted  in 
the  m-position  can  be  obtained  and  separated  with  greater  ease  than  the  others.  The  tautomeric  products  ob¬ 
tained  exhibit  marked  differences  in  melting  points  and  properties: 


Initial  aldehyde 

Melting  point 

of  white  product 

of  yellow  product 

m  -Nitrobenza  Idehy  de 

150* 

227* 

m  -Chlorobenza  Idehy  de 

149* 

216* 

m  -Hydroxy  benza  Idehyde 

181* 

152* 

Isolation  of  the  two  forms  is  impeded  when  substituents  are  in  the  ortho-  and  para -positions  of  the  alde¬ 
hyde  residue:  the  difference  in  their  melting  points  is  lower,  one  of  the  products  has  reduced  stability,  and,  for 
example,  in  the  case  of  o-  and  p-chlorobenzaldehydes  only  one  form  could  be  separated  in  each  case. 


Initial  aldehyde 

Melting  point 
of  white  product 

of  yellow  product 

0 -Nitrobenza  Idehyde 

172* 

225* 

p  -Nitrobenza  Idehyde 

217* 

227* 

o  -Hy  droxybenza  Idehyde 

226* 

223* 

p-Hydroxybenza  Idehyde 

162* 

216* 

o  -Chlorobenza  Idehyde 

231* 

Not  detected 

p  -Ch  lorobenza  Idehyde 

208* 

” 

Benzaldehyde 

174* 

*• 

Determination  of  the  elementary  compositions  and  molecular  weights  of  the  white  and  yellow  products 
shows  that  they  are  completely  identical. 

The  reciprocal  transitions  of  the  white  and  yellow  products  are  analogous  to  the  reciprocal  transitions  of 
the  white  and  yellow  dipyrazolonyl-m-nitrophenyl -methanes.  The  identity  of  the  molecular  weights  and  ele¬ 
mentary  compositions  of  the  white  and  yellow  products,  together  with  the  reciprocal  transitions  of  the  latter. 


♦Deceased. 
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give  grounds  for  assuming  that  each  separated  pair  of  products  is  a  tautomeric  pair.  From  a  consideration  of  the 
behavior  of  the  white  and  yellow  substances  and  their  complete  analogy  with  the  dipyrazolonyl-m*nitrophenyl- 
methanes,  we  reached  the  conclusion  that  all  the  white  products  are  enolic  tautomers  and  all  the  yellow  products 
ketonic  tautomers. 

Concerning  the  stability  of  one  tautomeric  form  or  the  other,  it  depends  upon  the  position  and  nature  of 
the  substituent  in  the  aldehyde  residue:  a)  a  substituent  in  the  meta -position  promotes  the  stability  of  both 
tautomers,  substituents  in  the  ortho  -  and  para -positions  promote  the  stability  of  one  of  the  forms;  ?>)  a  nirro 
group  promotes  the  stability  of  the  ketonic  tautomer,  while  hydroxy  and  p-chloro  groups  promote  stability  of  the 
enolic  tautomers.  As  already  indicated,  we  were  quite  unable  to  separate  the  yellow  products  in  the  case  of  o- 
and  p-clilorobenzaldeliydes.  The  same  is  true  of  the  derivative  of  unsubstituted  bcnzaldehyde. 


EXPERIMENTAL 

1.  Reaction  of  1  -  phe  ny  1 -3  -  me  thy  Ipyra  zolone -5  with  o  -  ni  trobe  n  za  Idehy  de  * 

Preparation  of  yellow  product.  To  a  solution  (heated  to  40-50")  of  0.01  mole  pyrazolone  (in  96% ethyl 
alcohol)  was  added  0.005  mole  o-nitrobenza  Idehy  de.  Upon  strong  cooling  and  rubbing  with  a  rod,  after  several 
hours  from  the  red  solution  there  came  down  a  yellow  finely  crystalline  precipitate  which  had  m.p.  225".  Quan¬ 
titative  yield. 

Found  %;  €  66.97,  67.10;  H  4.58,  4.60;  N  14.62,  14.22.  M  478  (according  to  Rast).  C27H2SO4N5.  Calcu¬ 
lated  %:  C  67.36;  H  4.78;  N14.55.M481. 

The  product  was  insoluble  in  water  and  many  organic  solvents:  alcohol,  benzene,  ligroine;  it  was  diffi¬ 
cultly  soluble  in  acetone  and  in  acetic  acid;  it  was  soluble  when  heated  in  dilute  alkali,  ammonia  and  in  pyr¬ 
idine. 

Preparation  of  the  white  product.  1  g  obtained  yellow  product  (m.p,  225")  was  dissolved  with  heating  in 
5  ml  10%  aqueous  solution  of  caustic  soda  and  the  resulting  red  solution  was  neutralized  with  10%  acetic  acid. 

A  white  precipitate  came  down  which  was  rapidly  filtered  off,  washed  with  water  and  dried  in  a  vacuum  desic¬ 
cator  to  constant  weight  over  sulfuric  acid.  M.p.  172*.  Yield  0.95  g.  The  product  was  very  unstable:  even 
during  drying  it  colored  red  on  the  surface.  Upon  recrystallization  from  anhydrous  alcohol,  the  product  assumed 
a  faintly  yellowish  tinge  and  had  m.p.  203-205".  Upon  keeping  the  recrystallized  product  in  a  weighing  bottle 
for  several  days,  the  melting  point  of  the  product  rose  to  225". 

Upon  consideration  of  the  tendency  of  the  product  with  m.p.  203-205*  to  quantitatively  convert  to  the 
yellow  product  (m.p.  225")  upon  long  standing,  we  supposed  that  the  first  was  a  mixture  of  white  (m.p.  172") 
with  yellow  (m.p.  225")  products,  i.e,,  a  mixture  of  4,4’ -di-(l -phenyl-3 -methyl-5 -hydroxy) ~pyrazolyl-(2"-ni - 
trophenyl) -methane  and  4,4’ -di-(l -phenyl-3 -methyl) -pyrazolonyl-(2"-iiitrophenyl) -methane.  Analysis  of  pro¬ 
duct  (m.p.  203-205"): 

Found  %:  C  67.23;  H  4.70;  N  14.50.  C^HmO^Ns.  Calculated  %:  C  67.37;  H  4.78;  N  14.55. 

The  agreement  in  the  analytical  results  on  the  elementary  compositions  of  the  product  with  m.p.  203-205" 
and  the  yellow  (m.p.  225")  product  leads  us  to  believe  that  the  white  product  corresponds  in  composition  to  the 
yellow. 

2.  Reaction  of  1 -phe  ny  Ime  th  y  Ipyra  zolone -5  with  m -hydroxy  benza  Idehy  de  . 

Preparation  of  the  white  product.  To  a  solution  (heated  to  40-50")  of  0.01  mole  phenylmethylpyrazolone 
in  10  ml  96%  alcohol  was  added  0.005  mole  m -hy  droxy  benza  Idehy  de.  After  24  hours,  a  white  crystalline  product 
came  down  from  the  orange  solution;  it  had  m.p.  179".  Yield  85%,  Upon  dilution  of  the  filtrate  with  water,  a 
small  additional  quantity  of  product  came  down  with  m.p.  177*.  After  3  recrystallizations  from  96%  ethyl  al¬ 
cohol,  it  had  m.p.  181*. 

Found  %:  €  71.65,71.60;  H  5,26,  5.28;  N  12.60,  12.69.  M  451.5  (potentiometric  titration).  C27H24O5N4. 

Calculated  %:  C  71.68;  H  5.34;  N  12.39.  M  452. 

•  The  data  on  the  reaction  of  1 -phenyl-3 -methylpyrazolone -5  with  m-  and  p-niuobenza  Idehy  de  are  given 
in  communication  VII  [2]. 
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Preparation  of  yellpw  product.’  a)  To  a  solution  of  0.01  mole  pyrazolone  in  70%  acetic  acid  was  added 
0.005  mole  m-hydroxybenzaldehyde  and  the  resulting  mixture  was  boiled  on  a  sand  bath  for  15-20  minutes  in 
a  small  flask  fitted  with  reflux  condenser.  Upon  slow  cooling  of  the  solution  on  a  cooling  water  bath,  the  yel¬ 
low  product  with  m.p.  150°  crystallized  out.  Yield  of  crude  product  94%.  After  2-fold  recrystallization  from 
70%  acetic  acid,  it  had  m.p.  152°. 

b)  A  suspension  of  1  g  white  product  (m.p.  181°)  in  20  ml  96%  ethyl  alcohol  was  boiled  for  30  minutes  in 
a  flask  fitted  with  reflux  condenser.  In  the  process  of  boiling,  the  precipitate  dissolved  and  came  down  again  as 
a  yellow  product.  M.p.  150°.  The  yield  was  quantitative.  After  recrystallization  from  7O70  acetic  acid,  it  had 
m.p.  152°. 

Found  %:  0  71.30,72.00;  H  5.45,  5.12;  N  12.68,  12.30.  C27H24OJN4.  Calculated  %:  0  71.68;  H  5.34; 

N  12.39. 

The  product  was  in  the  form  of  yellow  flakes,  soluble  with  heating  in  alcohol  and  acetic  acid.  It  was 
readily  soluble  in  acetone,  pyridine  and  in  alkalis.  Upon  acidification  of  the  alkaline  solutions,  a  white  product 
came  down  with  m.p.  177-179°. 

3.  Reaction  of  1-p  ^e  nyl-3-methylp  yra  zolone  -5  wit  hp-hydroxybenzaldehyde. 

Preparation  of  white  product.  We  started  with  0.01  mole  pyrazolone  and  0.005  mole  aldehyde,  which  were 
condensed  as  in  the  preparation  of  white  product  from  m-hydroxybenzaldehyde.  Product  had  m.p.  162°.  Yield 
85 7»  After  recrystallization  from  anhydrous  alcohol,  it  had  m.p.  162*. 

Found  %:  0  71.2;  H  5.24;  N  12.28.  M  451  (potentiometric  titration).  C27HJ4OJN4.  Calculated  %:  0  71.68; 

H  5.34;  N  12.39.  M  452. 

In  its  properties  the  white  product  was  similar  to  the  white  product  prepared  from  m-hydroxybenzaldehyde. 

Preparation  of  yellow  product.  0.01  mole  pyrazolone  was  condensed  with  0.005  mole  aldehyde  by  the 
methods  described  in  the  preparation  of  the  yellow  product  from  m-hydroxybenzaldehyde  (Items  "a"  and  "b"). 

In  both  cases  a  yellow  product  was  obtained  with  m.p.  214°  with  yields  of  85%  in  the  first  case  and  a  quantitative 
yield  in  the  second  case.  After  three  recrystalhzations  from  70%  acetic  acid,  the  product  had  m.p.  216°. 

Found  %c  0  71.60;  H  5.25;  N  12.29.  M  448  (Past).  C27H24O3N4.  Calculated  %:  0  71.68;  H  5.34;  N  12.39. 

M452. 

The  yellow  product  was  similar  in  properties  to  the  yellow  product  prepared  from  m-hydroxybenzaldehyde. 
However,  in  contrast  to  the  latter,  it  was  not  stable  in  solutions;  in  alcohol  it  readily  converted  to  the  white 
product,  in  acid  solutions  it  decomposed  with  cleavage  of  phenylmethylpyrazolone  and  formation  of  the  mono- 
arylidene  derivative  —  "the  red  product"  [2].  A  similar  cleavage  to  pyrazolone  and  "red  product"  occurred  also 
upon  long  standing  of  the  yellow  product  in  the  air. 

4.  Reaction  of  1  -  pheny  1 -3  -  me  thy  Ipy  r  a  zo  lone -5  with  o -hydroxy  benza  Idehyde  . 

Preparation  of  the  white  product.  We  started  from  0.01  mole  pyrazolone  and  0.005  mole  of  aldehyde.  The 
reaction  was  carried  out  by  the  method  cited  for  the  preparation  of  the  white  product  from  m-hydroxybenzalde¬ 
hyde.  A  white  product  formed  with  m.p.  220°.  Yield  of  product  80%.  After  several  recrystallizations  from  an¬ 
hydrous  alcohol,  the  product  had  m.p.  226°. 

Found  %:  C  71.70;  H  5.28;  N  12.49.  M  451  (potentiometric  titration).  C27H24OSN4.  Calculated  %: 

C  71.68;  H  5.34;  N  12.39.  M  452. 

In  its  properties,  the  product  was  similar  to  the  white  product  prepared  from  m-hydroxybenzaldehyde. 

Preparation  of  the  yellow  product.  We  started  from  0.5  g  white  product,  which  was  boiled  for  10-15  min¬ 
utes  with  10  ml  70%  acetic  acid.  The  solution  that  was  filtered  off  from  'the  insoluble  portion  was  left  to  cool 
on  a  cooling  water  bath;  a  yellow  product  came  down  which  had  m.p.  223°  and  in  properties  was  similar  to  the 
yellow  product  from  p~hydroxybenza Idehyde. 

Found  %:  C  71.30;  H  5.42;  N  12.50.  M  444  (Rast).  C27H24O3N4.  Calculated  %;  C  71.68;  H  5.34; 

N  12.39.  M  452. 
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5.  Reaction  of  1 -phenyl -3 -methylpyra  zolone  with  m -ch  lor  obe  n  za  Ide  hy  de  . 

Preparation  of  the  white  product.  0.01  mole  pyrazolone  was  condensed  with  0.005  mole  aldehyde  simil¬ 
arly  to  the  condensation  of  pyrazolone  with  m-hydroxybenzaldehyde.  After  24  hours  and  upon  rubbing  with  a 
rod,  a  white  crystalline  precipitate  came  down  which  had  m.p.  146°.  Yield  98fo.  After  3  recrystallizations  from 
96*70  ethyl  alcohol,  it  had  m.p.  149*. 

Found  Cl  7.40,  7.29;  N  12.02,  M  468  (potentiometric  titration).  C27H2SO2N4CI.  Calculated  <7o: 

Cl  7.55;  N  11.89.  M  471. 

The  product  was  soluble  in  caustic  and  carbonate  alkalis,  insoluble  in  benzene,  toluene,  xylene,  soluble 
with  heating  in  alcohol  and  acetic  acid  and  also  soluble  in  acetone  and  concentrated  sulfuric  acid. 

Preparation  of  the  yellow  product.  0.01  mole  pyrazolone  and  0.005  mole  m-chlorobenzaldehyde  was 
condensed  according  to  the  method  described  in  Item  "a"  for  the  preparation  of  the  yellow  product  from  m- 
hydroxybenzaldehyde.  A  product  formed  with  m.p.  214-215*.  The  yield  of  product  was  68*70*  After  3  recrystal¬ 
lizations  from  70*7)  acetic  acid,  it  had  m.p.  216*. 

Found  *7):  Cl  7.36;  N  12.03.  M  460  (Past).  C27H25O2N4CI.  Calculated  *7o:  Cl  7.55;  N  11.89.  M  471. 

The  product  was  insoluble  in  most  organic  solvents  and  was  soluble  only  in  acetic  acid  and  with  heating 
in  alcohol  and  in  acetone.  Upon  heating,  it  was  soluble  in  caustic  alkalis  and  upon  acidification  of  the  alka¬ 
line  solutions,  a  precipitate  of  the  white  product  with  m.p,  148*  came  down. 

6.  Reaction  of  1 -phenyl-3 -methyl-5 -pyrazolone  with  p-chlorobenzaldehyde. 

Preparation  of  the  white  product.  We  started  from  0.01  mole  pyrazolone  and  0.005  mole  aldehyde,  which 
was  condensed  by  the  method  described  for  the  preparation  of  the  analogous  product  from  m-chlorobenzaldehyde. 
After  24  hours  and  upon  rubbing  with  a  rod,  a  quantitative  yield  of  white  product  came  down  with  m.p.  204*. 
After  several  recry stalUzations  from  96*7)  ethyl  alcohol,  the  product  had  m.p.  208*. 

Found  *7o:  N  11.95,  12.09;  Cl  7.45.  M  463  (potentiometric  titration).  C27H23OJN4CI.  Calculated  *7o: 

N  11.90;  Cl  7.55.  M  471. 

In  properties  it  was  similar  to  the  white  product  from  m-chlorobenzaldehyde.  The  yellow  product  could 
not  be  obtained;  all  attempts  to  prepare  it  resulted  in  the  white  product  (m.p.  204-208*), 

7.  Reaction  of  1 -phe ny  1 -3 -me thy  1 -py ra  zo lone -5  with  o -chlorobenza  Idehy  de. 

Preparation  of  the  white  product.  0.01  mole  pyrazolone  was  condensed  with  0,005  mole  freshly -prepared 
aldehyde  according  to  the  method  described  for  the  preparation  of  the  white  product  from  m -chlorobenza Ide - 
hyde.  A  cream-colored  product  formed  which  had  m.p.  223*.  After  3  recrystallizations,  the  product  whitened 
and  had  m.p.  231*. 

Found  °]a‘.  N  12.01;  Cl  7.66.  M  468  (potentiometric  titration).  C27H23O2N4CI.  Calculated  *70:  N  11.90; 

Cl  7.55.  M471. 

In  projorties  the  product  was  similar  to  the  white  product  from  m-chlorobenzaldehyde.  As  in  the  case  of 
the  reaction  with  p-chlorobenzaldehyde,  the  yellow  product  could  not  be  isolated. 

8.  Reaction  of  1 -pheny  1 -3 -me  thy  Ipy  r  a  zo  lone -5  with  benza  Idehy  de  . 

Preparation  of  the  white  product.  We  started  from  0.01  mole  pyrazolone  and  0.005  mole  freshly -distilled 
aldehyde  which  was  condensed  according  to  the  method  described  for  the  preparation  of  the  white  product  from 
m-hydroxybenzaldehyde.  A  white  product  formed  with  m.p.  165-166*  in  an  almost  quantitative  yield  (99.8*7o), 
After. many  recrystallizations  from  96*7>  alcohol,  the  product  had  m.p.  174*. 

Found  *7,:  C  74.25;  H  5.58;  N  13.01.  C27H24O2N4.  Calculated  *7):  C  74.30;  H  5.51;  N  12.84. 

The  molecular  weight  was  determined  by  the  method  of  potentiometric  titration.  Found:  M  433.5. 
C27H24O2N4.  Calculated:  M  436. 

The  product  was  in  the  form  of  well  formed  crystals.  It  was  soluble  in  alkalis  and  pyridine  and  also  in 
acetone,  concentrated  sulfuric  acid;  ujwn  heating,  it  was  soluble  in  alcohol  and  concentrated  acetic  acid. 

The  yellow  product  could  not  be  isolated. 
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SUMMARY 


1.  Products  of  condensation  of  various  aldehydes  of  the  benzene  series  with  1 -phenyl -3 -methylpyrazolone - 
5  -  dipyrazolyl-arylmethanes  “  are  susceptible  to  tautomeric  transformations  of  the  keto-enol  type. 

2.  In  the  majority  of  the  cases  the  ketones  and  enols  can  be  isolated  in  the  form  of  stable’  compounds 
which  change  into  one  another  under  specific  conditions. 

3.  The  character  of  the  aldehyde  residue  influences  the  stability  of  one  tautomeric  form  or  the  other. 
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CHEMICAL  STRUCTURE  AND  PARASITICIDAL  ACTIVITY 


XIX.  SYNTHESIS  OF  6-METHOXY-8-(4  ’ -AMINOPENT YL>-AMINO0UINOLINE 
M.  B.  Braude  and  V.  I.  Stavrovskaya 


Among  the  numerous  derivatives  of  6-methoxy-8-aminoquinoline  there  are  relatively  few  compounds  with 
a  primary  amino  group  in  the  side  "chain"  [1-14].  Biological  tests  of  the  latter  revealed  high  antimalarial  act¬ 
ivity  by  some  members,  although  without  appreciable  advantage  over  analogous  compounds  containing  a  dieth- 
ylamino  group  in  the  alkylamine.  An  exception  is  6-methox)r8-4-amino-l'*methylbutyl)*amlnoquinoline'"prim- 
aquine"  [11,15],  tests  on  which  in  connection  with  avian  malaria  revealed  an  activity  higher  than  that  of  plasmo- 
chin  [16].  Employment  of  primaquine  in  combination  with  quinine  led  moreover  to  a  considerable  fall  in  the 
number  of  relapses  in  three-day  malaria  [17]. 

The  new  antimalarial  preparation  6-methoxy-8-(4’-aminopentyl)aminoquinoline  dihydrochloride  ("chin- 
ocid"). 


CHoO-, 


NHCH2CH2CH2CHNH2  •  2HCI 

I 

CH3 


which  differs  from  primaquine  in  respect  of  the  structure  of  the  side  chain,  was  obtained  by  reaction  of  B-methoxy 
8-aminoquinoline  with  2-amino-5-bromopentane  hydrobromide.  The  starting  substance  for  synthesis  of  the  latter 
was  acetopropyl  alcohol, reductive  amination  of  which  gave  2-aminopentanol-5  [18]  (we  succeded  in  raising  the 
yield  from  46^0  to  75yo).  The  aminopentanol  was  converted  into  2-amino-5-bromopentane  by  treatment  with 
thionyl  bromide  or  hydrobromic  acid. 

In  the  reaction  of  G-methoxy-'8-aminoquinoline  with  haloalkylamines,  the  amino  gioups  of  the  latter  are 
usually  protected  by  the  phthalimide  residue.  Reaction  between  6-methoxy-8-aminoquinoline  and  haloalkylamines 
with  an  unprotected  primary  amino  group,  as  described  for  the  synthesis  of  primaquine  [11],  proceeds  with  a 
yield  of  14-28%  due  to  a  secondary  reaction  of  cyclization.of  the  haloalkylamine. 

Applying  the  latter  method  to  the  synthesis  of  "chinocid"  from  6-methoxy-8-aminoquinoline  and  the  hydro¬ 
bromide  of  2-amino-5-bromopentane,  we  obtained  an  end-product  yield  of  17-30%  (although  it  fell  to  7%  and 
even  to  2.7%  in  a  strongly  acid  medium).  The  yield  was  not  improved  by  increasing  the  proportion  of  2-amino- 
5r-bromopentane  hydrobromide  to  2  moles  per  mole  of  6-methoxy-8-aminoquinoline  or  by  lowering  the  propor¬ 
tion  of  the  latter  to  1  mole  per  mole  of  bromoalkylamine  (Table  1). 

Numerous  experiments  on  the  synthesis  of  chinocid  by  simultaneous  introduction  of  the  components  (re¬ 
gardless  of  the  duration  of  heating  but  not  less  than  1  hour)  showed  (Table  2)  that  about  60%  of  unreacted  6- 
meihoxy-8-arainoquinoUne  was  usually  recovered  from  the  reaction,  while  2-amino-5-broraopentane  underwent 
cyclization. 
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TABLE  1 


Preparation  number 

6-Methoxy“8-amino-  ! 
quinoline  (in  moles)  j 

2-Amin<r-5-bromo- 
pentane  hydrobro¬ 
mide  (in  moles) 

Yield  of  chinocid 
(base)  (in  %) 

Unreacted  B-meth- 
oxy-8-aminoquin- 
line  (%) 

1 

1 

1 

30.1 

56 

2 

2 

1 

24.7 

62 

3 

1 

2 

1 

19.7 

53 

TABLE  2 


Preparation  no. 

Duration  of  heating 
(hours) 

Yield  of  chinocid  (base) 

(in  %) 

6-Methoxy-B-aminoquinoline 
not  entering  into  reaction  (in  %) 

1 

12 

30.8 

i 

1  57.5 

2 

6 

31.1 

58.8 

3 

3 

30.1 

56.0 

4 

2 

30.8 

59.8 

5 

1  1 

33.5 

I  58.6 

1 

Note.  The  starting  substances  were  taken  in  molar  ratio. 


On  the  basis  of  the  results  obtained,  we  succeeded  in  reducing.the  duration  of- heating  to  2-4  hoUrs  (instead 
of  13  hours  in  the  synthesis  of  primaquine)  and  in  raising  the  yield  of  chihocid  to  45-j62.9%  (calculated  on  the 
amount  of  6-methoxy-8-amiiloquinoline  takea  into  the  Reaction)  by  supplementary  portionwise  addition  of  2- 
amino-6-bromopentane  hydrolxomide  to  1  mole  of  6-methoxy-8-arainoquiholine,  the  first  portion  of  starting 
substances,  taken  in  molar  ratio,  being  introduced  simultaneously. 

In  biological  tests  chinocid  exhibited  a  high  antimalarial  activity,  not  inferior  to  that  of  primaquine  *. 

EXPERIMENTAL 

2- Aminopentano  1- 5 .  A  solution  of  400  g  acetopropyl  alcohol  in  200  ml  water  was  saturated  with  gaseous 
ammonia  until  a  weight  addition  of  180-200  g.  Reductive  amination  was  carried  out  at  room  temperature  and 
2  atm.  hydrogen  pressure  in  presence  of  nickel  catalyst.  When  absorption  of  hydrogen  was  complete,  the  solution 
was  filtered  off  from  the  catalyst,  the  filtrate  was  acidified  with  concentrated  hydrochloric  acid  until  acid  react¬ 
ion  and  then  evaporated  down  in  vacuum  until  water  stopped  coming  off.  The  residue  —  a  mixture  of  crystals 
with  darkly  colored  viscous  liquid-  was  dissolved  in  alcohol,  crystalline  precipitate  of  ammonium  chloride  was 
filtered  off  and  washed Jfalcohol)* The  alcohol  was  driven  off  in  vacuum,  to  the  residue  was  added  a  40%  solution 
of  caustic  soda  until  all  the  dark  oil  had  separated  out  on  the  surface;  the  latter  was  extracted  with  chloroform. 
The  chloroform  solution  was  dried  with  potash;  after  the  solvent  was  removed,  the  residue  was  vacuumf  distilled 
at  86*  (4  mm).  Yield  302  g  (74.7%).  It  was  a  colorless  liquid  which  crystallized  upon  cooling,  m.p.  32*. 

2-Amino-5-bromopentane.  2-Aminopentanol-5  (310  g)  and  48%  hydrobromic  acid  (930  g)  was  heated  for 
5  hours  at  a  calcium  chloride  bath  temperature  of  120-125*.  The  excess  of  hydrobromic  acid  was  vacuum  dis¬ 
tilled.  To  the  residue  of  non -crystallizing  brown  viscous  liquid  was  added  hydrobromic  acid  (310  g)  and  the  sol¬ 
ution  was  heated  again  for  2  hours.  The  excess  of  hydrobromic  acid  was  removed  in  vacuum.  Upon  cooling,  the 
residue  solidified.  Yield  737  g  (99.1%)  of  2-amino-5-bromopentane  hydrobromide. 

The  hydrobromide  of  2-amino-5-bromopentane  was  readily  soluble  in  water,  alcohol,  acetone,  chloroform, 
insoluble  in  ether  and  benzene.  It  purified  by  solution  in  acetone  with  subsequent  precipitation  with  ether.  Color 
less  crystals,  m.p.  96-97*. 

Found  %:  N  5.85,  5.74.CsHi|NBr2.  Calculated  %:  N  5.67. 

6-Methoxy-8-(4'-aminopentyl)-aminoquinoline 

•  Thanks  are  conveyed  to  Sh.  D.  Moshkovsky  and  S.  A.  Syrkina  for  carrying  out  the  biological  tests. 


1000 


a)  6-Methoxy-8-aniinoquinoline  (261  g),  2-amino-5-bromopentane  (371  g)  and  260  ml  water  were  heated 
for  2  hours  with  stirring  at  a  temperature  of  102-104*  of  the  reaction  liquid.  Upon  completion  of  heating.  780  ml 
boiling  water, was  added  and  the  solution  was  acidified  with  concentrated  hydrochloric  acid  until  the  reaction  was 
acid  on  Congo.  A  mixture  of  the  hydrochloride  and  hydrobromide  of  6-methoxy-8-aminoquinoline  which  came 
down  upon  cooling  the  solution  to  5*  was  separated  off  and  washed  with  ice  water;  to  the  filtrate  was  added  a  sol¬ 
ution  of  sodium  acetate  and  the  remaining  6-methoxy-8-aminoquinoline  was  extracted  with  ether.  The  aqueous 
layer  was  alkalized  with  20^0  caustic  soda  solution  and  extracted  with  ether;  the  ethereal  solution  was  washed  with 
water  and  dried  with  potash.  After  driving  offthe  ether,  the  residue  was  vacuum  distilled  at  b.p.  183-186*  (1  mm). 
Yield  124  g  (31.9%). 

The  base  was  a  light-yellow  oil  with  a  green  fluorescence.  It  solidified  upon  cooling,  m.p.  46*.  It  was 
readily  soluble  in  alcohol,  ether,  benzene. 

Found  %:  C  69.80,  69.52;  H  8.16,  8.23;  N  15.95,  16.10.  C15H21ON3.  Calculated  %:  C  69.50;  H  8.10;  N  16.2.  , 

6-Methoxy-8-(4*-aminopentyl)-aminoquinoline  hydrochloride  was  prepared  by  running  alcoholic  hydrochlo¬ 
ric  acid  into  a  solution  of  the  base  in  anhydrous  alcohol.  The  hydrochloride  which  came  down  was  crystallized 
from  anhydrous  alcohol,  m.p.  227-227.5*.  It  was  readily  soluble  in  water. 

Found  %:  C  54.18,  54.52;  H  7.04,  7.13;  N  12.92,  12.94.  CisHhONs  •2HC1.  Calculated  %:  C  54.21;  H  6.90; 

N  12.65. 

The  unreacted  filtered -off  mixture  of  hydrochloride  and  hydrobromide  of  6-methoxy-8-aminoquinoline  was 
dissolved  in  water,  alkalized  with  20%  solution  of  caustic  soda  and  the  resulting  base  of  6-methoxy-8-aminoquin- 
oline  was  extracted  with  ether.  The  ethereal  solution  was  added  to  an  ethereal  solution  of  6 -methoxy- 8 -amino- 
quinoline,  prepared  previously  by  extracting  a  solution,  neutralized  with  sodium  acetate.  After  drying  over  potash, 
ether  was  driven  off  and  6-methoxy-8-aminoquinoline  was  vacuum  distilled.  B.p.  149-163*  (1  mm).  Yield  144  g 
(55.1%). 

b)  6-Methoxy-8-aminoquinoline  (17.4  g),  2-amino-5-bromopentane (24.7  g)  and  18  ml  water  were  heated 
with  stirring  for  1  hour  at  temperature  102*  of  the  liquid.  The  reaction  liquid  was  brought  to  a  weakly  acid  react¬ 
ion  by  a  solution  of  potash  and  then  to  it  was  added  the  hydrobromide  of  2-amino-5-bromppentane  (14.8  g).  Heat¬ 
ing  was  complete  within  one  hour  after  introduction  of  the  additional  quantity  of  2-amino-5-bromopentane.  The 
reaction  mass  was  diluted  with  54  ml  boiling  water  and  was  acidified  with  hydrochloric  acid  until  it  gave  an  acid 
reaction  on  Congo.  Further  treatment  was  as  in  the  preceding  experiment.  The  base  was  distilled  In  vacuum. 

B.p.  213-216*  (3  mm).  Yield  11.7  g  (45%). 

c)  6-Methoxy-8-aminoquinoline  (17.4  g),  2-amino-5-bromopentane  hydrobromide (24.7  g)  and  18  ml  water 
were  heated  with  stirring  for  1  hour  at  a  temperature  of  102*  of  the  liquid.  A  solution  of  potash  was  then  added 
until  the  reaction  was  weakly  acid  and  2-amino-5-bromopentane  (14.8  g)  was  added.  After  1  hour,  potash  was 
again  added  to  the  reaction  mass,  2-amino-5-bromopentane  (8.9  g)  was  added  and  the  reaction  mass  was  heated 
for  1  hour.  The  reaction  mass  was  neutralized  by  a  solution  of  potash  for  the  3rd  time  and  2-amino-5-bromo- 
pentane  (5.3  g)  was  added.  Heating  was  complete  1  hour  after  addition  of  the  last  portion  of  2-amino-5-bromo- 
pentane  hydrobromide.  Further  treatment  was  as  in  the  preceding  experiment;  b.p.  of  base  183-187*  (1  mm). 
Yield  16.3  g  (62.9%). 

Synthesis  of  "Chinocid"  in  strongly  acidic  medium. 

a)  To  a  solution  of  24.7  g  2-amino-5-bromopentane  in  18  ml  water,  heated  to  100*,  with  stirring  was  added 
17.4  g  6-methoxy-8-aminoquinoline  base  (in  2-g  portions  after  each  15  minutes).  Within  1  hour  after  addition 
of  the  last  portion  of  6-methoxy-8-aminoquinoline,  heating  was  halted.  The  reaction  mass  was  diluted  with  54 
ml  water  and  acidified  with  hydrochloric  acid.  Further  treatment  was  according  to  the  above- described  method. 
The  base  was  distilled  at  b.p.  221-227*  (5  mm).  The  yield  was  2  g  (7.72%).  14.7  g  (67.1%)  6- methoxy- 8- amino - 
quinoline  with  b.p.  163-165*  (2  mm)  was  returned. 

b)  25.5  g  6-methoxy-8-aminoquinoline,  24.7  g  2-amino-5-bromopentane  and  18  ml  water  were  heated 
for  6  hours  at  102-104*.  The  reaction  mass  was  treated  in  the  usual  way.  A  base  was  obtained  with  b.p.  239* 

(4  mm).  Yield  0.7  g  (2.7%).  17  g  of  unreacted  6-methoxy-8-aminoquinoline  hydrobromide  was 

separated. 
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SUMMARY 


1.  A  new  antimalarial  substance,6>niethoxy-8-(4*-aminopentyl)  aminoquinoline  ("chlnocid'0,was  synthe¬ 
sized  and  characterized,  and  a  procedure  for  iu  preparation  was  developed. 

2.  Transfer  of  .the  methyl  group  from  position  1  to  position  4  in  the  side  chain  of  6-methoxy-8-(4'-amino' 
pentyl)  aminoquinoline  did  not  lower  the  antimalarial  activity. 
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SULFONATION  AND  SULFONIC  ACIDS  OF  ACIDOPHOBIC  COMPOUNDS 
XXVI.  USE  OF  DIOXANE-SULFOTRIOXIDE  FOR  THE  DETERMINATION  OF  AROMATIC 

AMINES  AND  ALDEHYDES 

A.  P.  Terentyev,  N.  B.  Kupletskaya  and  E.  V.  Andreeva 


In  the  preceding  communication  [1]  a  method  was  described  for  the  determination  of  hydroxyl  groups  in 
various  hydroxy  compounds  based  upon  the  quantitative  formation  of  sulfuric  acid  esters  on  reaction  of  hydroxy 
.compounds  with  dioxane-sulfotrloxide. 

As  we  know,  amines  likewise  react  with  dioxane-sulfotrioxide  with  formation  of  the  corresponding  sulfamic 
acids  [2]: 


RNHj  +  CKCHjCHjljO*  SOj  — vRNHSO,H  +  OfCHjCHjljO. 

The  reaction  goes  rapidly  and  quantitatively. 

We  thought  it  might  be  possible  to  utilize  this  reaction  for  analysis  of  amino  compounds  by  determining, 
as  in  the  case  of  alcohols,  the  change  of  titer  of  the  solution  after  reaction  with  a  weighed  sample  of  the  substance 
in  question.  Of  course  there  is  no  special  point  in  employing  dioxane-sulfotrioxide  in  the  case  of  strong  bases 
(aliphatic  amines)  since  the  latter  are  satisfactorily  determined  by  titration  with  acids. 

We  made  use  of  this  method  for  aromatic  amines  which  are  weak  bases. 

The  prodcedure  was  the  same  as  for  alcohols.  Perfectly  satisfactory  results  were  obtained  in  the  case  of  the 
majority  of  the  amines  investigated  (see  Table  1). 

In  the  case  of  q*  and  g-naphthy famines  the  sample  was  dissolved  in  a  small  amount  of  diethyl  ether,  and 
the  dioxane-sulfotrioxide  solution  was  added  to  the  ether  solution  under  cooling  with  snow.  In  this  manner  it  was 
possible  to  avoid  ring  sulfonation,  although  withg  -naphthy famine  this  reaction  does  nevertheless  proceed  to  a 
certain  extent,  so  that  the  results  are  a  little  high.  The  presence  of  ether  did  not  alter  the  titer  of  the  reagent. 

In  the  case  of  diphenylamine,  not  even  cooling  led  to  the  desired  results,  and  determination  gave  1.54  active 
hydrogens  in  the  molecule  instead  of  1.  Due  to  the  facility  with  which  the  resultant  sulfamic  acids  are  hydrolyzed, 
it  is  evidently  impossible  to  determines  amines  with  strongly  negative  substituents.  Thus,  only  0.52  active  hydro¬ 
gen  is  determined  in  p-nitroaniline,  and  0.69  in  o-nitrotoluidine.  A  very  low  result  was  also  obtained  with  2,4- 
dichloroaniline  which  only  titrates  to  the  extent  of  10%. 

We  exploited  the  possibilty  of  determination  of  aromatic  amines  with  the  help  of  dioxane-sulfotrioxide  for 
development  of  a  new  method  of  determination  of  aromatic  aldehydes.  The  basis  of  the  method  is  the  reaction 
of  aniline  with  aromatic  aldehydes  with  formation  of  anils  and  water: 

CeHjNH,  +  ArCHO— ArCH=NAr  +  H,0. 

The  reaction  goes  quickly  and  quantitatively  even  at  room  temperature.  The  aniline  is  taken  in  excess 
over  the  weighed  sample  of  aldehyde.  Unreacted  aniline  is  determined  with  the  help  of  dioxane-sulfotrioxide. 

It  was  established  in  preliminary  experiments  that  anils  do  not  react  with  the  sulfur  trioxide  solution  under  the 
conditions  of  analysis. 
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TABLE  1 


Amine 

Percent  active  hydrogen 

Number  of  active  hydrogens  in 
molecule 

calculated 

found 

Aniline 

1.08 

1.09 

1.01 

o-Toluidine 

0.94 

0.93 

0.99 

p-Toluidine 

0.94 

0.95 

1.01 

m-Toluidine 

0.94 

0.97 

1.04 

Xylidine 

0.83 

0.86 

1.04 

p-Anisidine 

0.81 

0.81 

1.00 

a-  Naphthylamine 

0.70 

0.70 

1.00 

g  -  N  aphthy  lamine 

0.70 

0.77 

1.10 

Benzidine 

1.09 

1.08 

1.99 

Methylaniline 

0.94 

0.91 

0.97 

Ethylaniline 

0.83 

0.86 

1.04 

Method  of  determination 


A  solution  of  dioxane-sulfotrioxide  was  prepared  by  the  usual  method  by  passage  of  a  mixture  of  air  and 
sulfuric  anhydride  into  dioxane.  The  weighed  samples  of  aldehyde  and  aniline  were  taken  in  a  small  beaker, 

5-7  mm  high, with  an  internal  diameter  of  10-12  mm.  The  beaker  with  the  samples  was  placed  in  a  50-ml  con¬ 
ical  flask  by  means  of  tweezers.  The  formation  of  anilines  was  complete  within  15-20  minutes.  After  this,  a 
measured  volume  of  dioxane-sulfotrioxide  solution  was  run  into  the  flask  from  a  pipet  with  two  marks  making 
sure  meanwhile  that  the  beaker  fills  with  dioxane  solution.  After  3-5  minutes,  about  10  ml  water  was  added,  then 
indicator  and  the  solution  was  rapidly  titrated  with  0.1  N  soda  solution.  The  indicator  was  either  the  usual  solution 
of  Congo  red  or  bromophenol  blue.  A  blank  experiment  was  run  in  parallel  with  the  experiment;  titration  of  a 
fixed  volume  of  sulfuric  anhydride  after  diluting  it  with  water.  Each  determination  took  24-30  minutes. 


It  was  readily  apparent  that  the  amine  reacted  in  equivalent  quantities  with  both  the  aldehyde  and  with 
dioxane-sulfotrioxide  and,  therefore,  calculation  was  by  the  formulas; 


'%  CHO- group  = 


(b  +  dl  •  N  •  29 
S  *10 


Number  of  CHO-groups  = 


Sa  .  1000 

.  c  s -  . 

Ma 

foCHO  •  M 
100  •  29  ’ 


where  a  is  the  number  of  milliliters  of  0.1  N  soda  solution  necessary  to  titrate  the  blank  experiment;  b  is  the 
number  of  milliliters  of  0.1  N  soda  solution  necessary  to  titrate  after  reaction  with  the  weighed  sample;  c  is  the 
number  of  milliliters  of  0.1  N  soda  solution  (calculated),  spent  on  a  weighed  sample  of  aniline;  d  =  a  -  c  is  the 
decrease  in  the  number  of  milliliters  of  0.1  N  soda  solution  (in  comparison  to  the  blank  experiment);  Sa  is  the 
weight  of  the  sample  of.aniline  (in  g);  Ma  is  the  molecular  weight  of  aniline;  N  is  the  normality  of  the  soda  sol¬ 
ution;  M  is  the  molecular  weight  of  the  substance;  S  is  the  weight  of  the  sample  of  investigated  substance  (in  g). 

Table  2  gives  the  results  on  the  determination  of  the  carbonyl  group  in  the  aromatic  aldehydes.  The 
samples  of  aldehydes  were  taken  in  weights  0.01-0.025  g  and  correspondingly  for  aniline  0.02-0.04  g.  Two-fold 
increase  of  the  sample  weights  (0.05-0.06  g  for  aldehyde  and  0.11-0.12  for  aniline)  gave  the  same  results  but  the 
accuracy  of  the  determination  was  somewhat  higher  due  to  the  increased  difference  in  the  volume  of  soda  spent 
on  the  blank  experiment  and  on  the  titration  of  the  weighed  sample. 

The  anils  of  certain  aldehydes  were  yellow;  this  color  became  more  intense  later  upon  addition  of  dioxane- 
sulfotrioxide;  therefore,  the  titration  of  cinnamaldehyde  and  nitrobenzaldehydes  on  Congo  was  carried  out  not 
until  pink, but  until  the  color  of  the  indicator  was  orange-yellow;  the  color  of  bromophenol  blue  for  these  al¬ 
dehydes  changes  to  green  and  not  to  blue. 

Our  attempts  to  carry  out  the  determination  for  aliphatic  aldehydes  did  not  yield  the  desired  results,  possibly 
since,  as  is  known  from  the  literature  data  [3],  the  reaction  of  the  formation  of  anils  with  alij^atic  aldehydes  does 
not  go  analogously. 
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Under  the  conditions  of  aldehyde  determination,  the  ketones  reacted  very  incompletely  vdith  aniline,  which 
makes  the  determination  of  aldehydes  in  presence  of  ketones  unfeasible. 


TABLE  2 


Investigated  substance  | 

CHO  I 

_ i 

calculated 

mEssmm 

Benzaldehyde  1 

27.36 

i 

28.3 

1.03 

p-Methoxybenzaldehyde  j 

21.3 

20.9 

0.98 

Ciiuiamaldehyde 

21.9 

1  22.2 

1.01 

p-  Nitrobenzaldehyde 

19.2 

19.1 

0.99 

m-Nitrobenzaldehyde 

19.2 

20.6 

1.06 

o- Nitrobenzaldehyde  | 

19.2 

19.0 

1  0.98 

Piperonal 

19.33 

19.3 

!  0.99 

p- Chlorobenza  Idehyde 

20.7 

20.4 

0.98 

p- Dimethylaminobenzaldehyde 

19.46 

19.4 

0.99 

Cumaldehyde 

19.6 

19.4 

0.99 

SUMMARY 


1.  The  possibility  of  utilizing  a  solution  of  sulfur  trioxide  in  dioxane  for  quantitative  determination  of  amino 
groups  in  aromatic  amines  is  demostrated. 

2.  Aromatic  amines  containing  negative  substituents  cannot  be  determined  by  this  method. 

3.  A  method  was  developed  for  quantitative  determination  of  aromatic  aldehydes  with  the  help  of  dioxane- 
sulfotrioxide.  The  mean  accuracy  of  the  method  is  ±  3-5 
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HYDROXYDIHYDROFURANS 


IV.  THE  PROBLEM  OF  THE  BASIC  PROPERTIES  OF  SUBSITUTED  2-HYDROXYDIHYDROHJRAN&-2,5 
E.  D.  Venus-Danilova  and  A.  Fabritsy 


The  first  representative  of  the  substituted  hydroxydihydrofurans  -  5,5-dimethyl-2,4-diphenyI-2-hydroxydi- 
hydrofuran~2,5  (II)  -  was  obtained  in  1915  from  unsymm.  dimethyl-phenyl-phenylethynyl -ethylene  glycol  (2- 
methyl-3,5-diphenylpentyn-4-diol-2,3)  (I)  by  heating  with  30%  sulfuric  acid  [1]. 

The  prepared  substance  possessed  marked  basic  properties  and  formed  with  acids  colored  simple  and  com¬ 
plex  salts  which  fluoresced  in  solutions.  All  these  salts  contained  1  mole  of  the  substance  to  2  moles  of  acid. 

The  structure  of  an  alcohol-oxide  (XVI)  was  attributed  to  the  compound  with  basic  properties.  Salt  for¬ 
mation  was  explained  by  the  ability  of  the  prepared  substance  to  form  oxonium  compounds,  and  it  was  assumed 
that  one  molecule  of  acid  was  linked  to  the  oxide  oxygen  and  the  other  to  the  hydroxyl  oxygen. 

Later  investigations  of  E.  D.  Venus-Danilova  and  co-workers  [2-10],  whose  aim  was  the  clarification  of  the 
influence  of  various  radicals  of  ditertiary  o-glycols  of  the  acetylenic  series  upon  the  course  of  their  rearrangements 
and  also  the  study  of  some  properties  of  the  hydroxydihydrofurans  prepared  in  the  course  of  the  work  [11-14],  en¬ 
abled  the  compounds  with  basic  prQperties  to  be  assigned  the  structure  of  2-hydroxydihydrofurans-2,5  (II)  [11], 

It  was  also  shown  that  the  mass  of  experimental  data  could  not  be  reconciled  with  basic  |voperties  of  the  oxygen, 
i.e.  its  ability  to  form  oxonium  compounds  [15-18].  As  far  back  as  the  start  of  the  20th  century  Decker  and  Fell- 
enberg  [19]  had  noted  the  contradictions  in  theories  of  the  structure  of  oxonium  compounds  in  connection  with 
the  discovery  of  carbonium  compounds. 

We  set  out  to  clarify,  if  possible,  the  problem  of  the  structure  of  salts  of  2-hydroxydihydrofurans-2,5  with 
reference  to  the  most  closely  studied  compound  -  5,5-dimethyl-2.^diDhenyl-2-hydroxydihydrofuran“2,5  (H): 


CH3 

CH3 


CeHs 

^COH-COH-C^C-CbHs 

(I) 


C6H5-C=CH 

I  1 

— »•  CH 


h' 


CH,/  \/ 
O 


< 


CeHs 

OH 

(11) 


The  following  characteristics  suggest  that  2-hydroxydihydrofuran-2,5  is  a  carbonium  base  similar  to  flavenol, 
benzpyranol  and  xanthydrol;  the  great  mobility  of  the  hydroxyl  group  of  5,5r-dimethyl-2,4-diphenyi-^hydro- 
xydihydrofuran-2,5  which  is  manifested  in  its  reduction  [12]  since  the  hydroxyl  is  first  replaced  by  hydrogen  and 
then  the  double  bond  is  hydrogenated  (III);  the  extraordinary  ease  of  formation  of  ethers  of  2-hydroxydihydrofurans 
[11,  3,  4]  (IV)  by  reaction  with  alcohols;  the  reaction  of  their  perchlorates  with  organomagnesium  compounds  with 
formation  of  dihydrofurans-2i5  (XXII);  the  absence  of  basic  properties  from  2-hydroxytetrahydrofurans  (V)  [20] 
and  from  5,5-dimethyl-4,5-diphenyldihydrofuran-2,5  (HI)  [12];  and  the  formation  of  colored  simple  and  com¬ 
plex  salts  [1,  3,  4].  In  analogy  with  benzopyrilium  salts,  the  salts  of  2-^ydroxydihydrofuran-2,5  may  be  called 
dihydrofurylium  salts. 
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v.eH5-C— CH 

C„H8-C--CH 

1  1 

CH2-CH2 

CH3\  I  1 

CH.,^ 

CHs^  I  !  /QH 

yC 

CH.,/  ^OCaH-, 

R-CH  CHOH 

\  / 

0 

(HI)  (IV)  (V) 


A  similarity  may  be  observed  between  the  structural  formulas  of  5,&-dimethyl-2.4r-diphenyl-2-hydroxydl- 
hydrofuran-2,5  (II)  and,  for  example,  4-phenyl-flavenol-2  (VI): 


A  similarity  can  also  be  observed  between  the  properties  of  flavilium.pyrilium  and  xanthilium  salts  on  the 
one  hand  and  those  of  dihydrofuryliumsalts  on  the  other.  Thus,  for  instance,  the  literature  describes  a  series  of 
colored  simple  and  complexsalts  of  substituted  xanthenols  [21]  as  well  as  benzo-  and  naphthopyrilium  salts  [19, 
22];  the  composition  of  some  of, these  salts  may  be  represented  by  the  formula:  compound ;;  2HX.  When  crystal¬ 
lized  from  an  aqueous  solution  of  acid,  the  salts  contain  water  of  crystallization  [21,22].  Complex  salts  contain¬ 
ing  platinum,  gold  and  tin  have  the  composition:  2  compound  •  3SHC1^  PtCl4;  dompound  ?  HCl  *  AUCI3  [21-23]. 

Previously  described  salts  of  hydroxydihydrofuran  [1]  have  an  entirely  diff^ent  composition.  Assuming  that 
a  carbonium  ion  is  present  in  dihydrofurylium  salts,  their  structure  may,  by  analogy  with  the  structure  of  benzo- 
pyrilium  salts  (VII),  be  represented  by  the  following  structural  formulas: 


C,H5-C=CH 

1  1  1+  X- 

•  HX  .  H2O 

CH;/  \/ 

0 

(VII) 

0 

or  (Ci,Hi,0)Cl  •  HCl  •  HjO,  (Ci,Hi70)AuCl4  ’  H,0,  (CiaHjTOSnCls  •  HjO,  (Ci,Hi70)jPtCle  •  2H2O. 

For  confirmation  of  our  theory  that  5,5-dimethyl-2,4rdiphenyl-2-hydroxydihydrofuran-2,5  is  a  carbonium 
base,  we  also  synthesized  the  corresponding  perchlorate  CuHjtO  •  CIO4,  the  picrate  CigHiTO  •  OCfHifNO])), 
and  complex  salts  with  ferric  chloride  CiiHjtO  *  FeCl4,  and  with  mercuric  chloride  and  bromide  CuHjitO  *  HgX| 

•  HO. 

We  limited  ourselves  to  the  perchlorate,  picrate  and  the  complex  salt  with  ferric  chloride  because  the 
conesponding  benzopyrilium,  xanthilium,  etc.  salts  nearly  always  have  the  composition  Compound  -  HO)  -X 
[21-26].  It  was  found  that  the  salts  which  we  synthesized,  with  exception  of  the  mercury  salt,  likewise  did  not 
contain  water  of  crystallization.  This  is  further  confirmation  of  our  theory  that  we  were  dealing  not  with  oxonium 
but  with  carbonium  salts. 

We  also  studied  the  reaction  of  5,6-diemthyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5  with  |rfienylmeth- 
ylpyrazolone  and  the  reaction  of  the  perchlorate  of  the  same  compound  with  methyl  magnesium  iodide. 

Bearing  in  mind  that  the  carbinol  compounds  obtained  on  hydrolysis  of  triphenylmethane  dyes  contain  an 
extremely  mobile  hydroxyl  group  and  are  capable  of  condensation  with  substances  containing  labile  hydrogen 
atoms  (aldehydes  of  the  alij^atic  series, nitromethane  [27]  or  l-phenyl-3-methyl-pyrazolone-5  [28]),  we  carried 
out  the  condensation  of  5,5-dimethyl— 2,'^-diphenyl-2-hydroxydihydrofuran-2,5  with  phenylmethylp)rrazolone 
by  the  method  of  O.  F.  Ginzburg  and  V.  R.  Terushkin  [28].  The  result  of  the  rapid  reaction  was  formation  of 
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the  condensation  product  (VIII). 


C6Hb-C=CH 

CHn^  I  ! 


C  C 


-CH-C-CHa 


CH:/  \/\ 

O  CeHs  CO  N 

(VIII)  \  / 

N-CeHs 


We  also  know  from  the  literature  that  flavilium  salts  (IX)  react  with  facility  with  organomagnesium  com* 
pounds  with  formation,  on  addition  of  a  radical  in  the  2- position  of  the  pyran  ring,  of  substituted  a-chromenes  (X), 
while  addition  in  the  4- position  gives  y-chromenes  (XI)  [29].  The  direction  taken  by  the  reaction  is  governed  by 
the  position  of  the  substituents  in  the  pyran  ring;  for  example,  salts  of  flavilium  chloride  give  y-chromenes,  but 
if  the  4- position  is  occupied  by  a  substituent  (4-phenylflavinium  chloride)  then  a-chromenes  are  formed; 


I  II  I 

nx) 


CbHb 


V 

A  ■  \ 


!  1  ^c,H5 

(X) 

.o. 


\ 


''V\/ 

I 

R 


iHb 


(XI( 


Reaction  of  the  perchlorate  of  5.&~dimethyl-2,4-diirfienyl-2-hydroxydlhydrofuran-2,5  (XII)  with  methyl 
magnesium  iodide  gave  a  quantitative  yield  of  2,5,5-trimethyl-2,4-diphenyldihydrofuran-2,5  (Xm): 


CeHs-C^ 

CHa.  I 


=CH 


-  MrJCH, 


C.H5-C=CH 


CIO4  — 


C  C+-C„H5 
\/ 
o 

(XII) 


CH3\ 

ch/ 

(XIII) 


i 

Y 


CHa 

0H5 


As  has  been  expected,  ±e  methyl  group  adds  on  in  the  2- position,  since  a  phenyl  group  occupies  the  4- 
position  of  the  perchlorate  of  5,5-dimethyl-2,4-diphenyl-2-hydroxydihydrofurair-2,5> 

It  has  already  been  pointed  out  that  the  first  product  of  hydrogenation  of  5,5-dimethyl-2,4-diphenyl-2- 
hydrpxydihydrofuran-2,5  is  5,&-dImethyl-2,4-diphenyldihydrofuran-2,5  (III)  which  is  later  reduced  to  5,5-dlme- 
thyl-2,4-diphenyltetrahydrofuran.  This  is  a  further  illustraion  of  the  resemblance  to  flavilium  salts,  which  on 
catalytic  reduction  in  presence  of  colloidal  palladium  or  platinum  at  first  are  transformed  into  a  -chromenes 
and  subsequently  into  chromans  [30-32]. 

All  compounds  that  form  the  carbonium  ion  give  ethers  very  readily  on  reaction  with  alcohols  in  presence 
of  a  few  drops  of  concentrated  acetic  acid  [19,  33-35}.  We  previously  described  similar  ethers  of  the  type  of 
full  ketals  (IV)  for  three  substituted  2-hydroxydihydrofurans-2,6  [11,3,4]. 

The  basic  properties  of  5,5-dimethyl-.2,4-diphenyl-2-hydroxydihydrofuran-2,5  are  confirmed  by  our  deter¬ 
minations  of  its  hydrolysis  constant  (of  the  order  of  1.2 '10  *)  by  potentiometric  tittation  in  60^  acetone. 

In  Figs.  1,  2  and  3  are  plotted  the  absorption  spectra  in  the  ultraviolet  and  in  the  long- wave  portion  of  the 
spectrum  for  5,5-dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5  (C18H18O2;  252  mp,  e  7304.6) (Fig.  1), 

itS' hydrochloride  (CijHitOCI  •  HCl  •  H2O:  X max  252m  p  ,€  18145.4;  X^^^  308mp,  €121.3;  X  j^jj  400mp,£ 
565.9)  (Fig.  2)  and  hydrobromide  (CuH^OBr  •  H&  •  HiOj  \nax  248mp,  e  16027.3;  308 — 30Bmp,  c  100.2; 
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X  400m ji,  €  502.9) (Fig.  3)  in  alcoholic  solutions.*  The  spectra  are  identical  except  for  the  fact  that  hydro- 
fuTyifum  salts,  in  contrast  to  the  base,  also  absorb  in  the  visible  region  of  the  spectrum. 

In  the  preparation  of  5,5-dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5  by  the  usual  method  [1],  yet 
another  product  of  reaction  could  be  separated  which  lacked  basic  properties  and  could  therefore  be  easily  ex¬ 
tracted  with  ether  from  the  acid  solution.  Elimination  of  ether  from  this  extract  usually  left  a  small  amount  of 
a  viscous  resin  which  in  the  preceding  experiments  had  not  been  investigated  due  to  the  high  yields  of  2-hydro- 
xydihydrofuran-2,5  (about  70  <^).  In  the  present  experiment  the  resin  was  retained  and  after  a  few  months  it  de¬ 
posited  a  small  quantity 'of  well- formed  yellow  crystals  which  corresponded  in  structure  to  a  dienic  ketone  —  2- 
methyl-3,5-diphenyl-pentadiene-1.3-one-5  (XV).  This  ketone  may  have  been  formed  by  dehydration  of  the 
unsaturated  olefinic  .y-ketoalcohol  (XIV),  which  was  not  separated  in  the  isomerization  of  dimethyl-phenyl- 
phenylethynyl-ethylene  glycol  (I).  The  corresponding  y-ketoalcohols  or  products  of  their  decomposition  were 
detected  in  transformations  of  some  other  a -glycols  of  the  acetylenic  series  [3,  6-9]. 


(XV)  Fig;  1. 

One  of  us  [11]  had  earlier  put  forward  such  a  scheme  for  transformation  of  a -glycols. 

Transformations  of  acetylenic  a-glycols  in  an  acid  medium  can,. however,  be  condisdered  from  a  somewhat 
different  angle  if  we  assume  the  primary  product  of  transformation  to  be  not  the  olefinic  y-ketoalcohol  (XIV) 
but  the  dihydrofurylium  salt  (XVni). 

It  may  be  suggested,  as  was  assumed  earlier  [1]  and  as  was  not  excluded  (as  possible  variant)  by  L.  A.  -Pavlova 
[36],  that  the  first  stage  of  transformation  of  the  pinacone  (I)  is  its  cyclization  with  formation  of  a  substituted 
^hydroxydihydrofuran-4,5  (XVI).  If  the  5-position  in  4-hydroxydihydrofuran-4,5  is  occupied  by  a  hydrogen  atom, 
a  molecule  of  water  splits  off  and  the  substituted  furan  (XVII)  is  obtained.  But  if  removal  of  water  is  impossible, 
a  dihydrofurylium  salt  (XVIII)  is  formed  and  partial  hydrolysis  of  the  latter  gives  the  substituted  2-hydroxydihydro- 
furan-2,5.  Transformation  of  4-hydtoxydihydrofuran-4,5  (XVI)  into  2-hydroxydihydrofuran-2,5  (II)  via  the  cation 
of  salt  (XVin)  finds  confirmation  in  the  fact  that  substituted  2-and  4-benzopyranols  give  one  and  the  same'salt. 
which  on  hydrolysis  in  presence  of  alcohol  forms  derivatives  of  substituted  2-benzopyranol  [35  ,  43].  2-Benzo- 
pyranols  are  generally  more  stable  than  4-benzopyranols. 

Subsequently  2-hydroxydihydrofuran  may  undergo  ring  fission  to  give  the  olefinic  y-ketoalcdiol  (XIV) 
and  products  of  its  further  transformation  (XV.  XIX): 


‘  •  Riotometric  measurements  of  the  spectra  were  carried  out  on  the  SF-4  spectrophotometer  of  U.  A.  Dran- 
itsina  Jor  which  we  convey  to  her  our  thanks. 
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Fig.  2 


The  proposed  scheme  enables  us  to  compare  the  formation  of  substituted  2-hydroxydihydrofuran$-2,5  from 
ditertiary  a -glycols  of  the  acetylenic  series  with  the  preparation  of  substituted  furans  from  secondary- tertiary 
[37]  and  primary- tertiary  [36]  a -glycols  of  this  series. 


logf 


So  support  for  the  proposed  scheme' may  be  said 
to  be  provided  by  the  formation  dimethylpyrone  of  the 
unsaturated  diketone —  4-phenyl-hepten-3-dione-2,6- 
by  the  action  of  phenyl  magnesium  bromide  and  then 
of  perchloric  acid  [38]. 

The  author  attributes  the  structure  of  a  pyroxon- 
i  um  salt  and  not  of  a  carbonium  salt  to  the  perchlorate 
of  dimethyl-phenylpyrone,  but  this  does  not  alter  the 
development  of  the  argument. 

EXPERIMENTAL 

I.  fteparation  of  simple  and  complex  salts  of  5,6 
-  dimethyl-  2,4-  diphenyl-  2- hydroxydihydrofuran-  2,5. 


The  perchlorate  came  down  in  almost  quantit¬ 
ative  yield  upon  running  an  etheral  solution  of  perchloric 
l^lR*  3  jtcid  into  an  ethereal  solution  of  hydroxydihydrofuran. 

The  solution  of  acid  was  run  in  until  precipitate  stopped 
coming  down.  The  salt  was  obtained  in  the  form  of  a  lemon  -yellow  powder,  insoluble  in  ether  and  benzene,  difr 
ficultly  soluble  in  alcohol;  m.p.  203-204*  (decomp.). 


Found<^b:  C  61.69;  H  4.26;  Cl  10.04,  10,31.  CuHirO  •  CIO4.  Calculated^:  C  61.99;  H  4.48;  Cl  10.19. 
The  picrate  separated  out  in  the  form  of  orange  well- formed  acicular  crystals  upon  combining  solutions  of 
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0.3  g  hydroxydihydrofuran  in  5  ml  alcohol  and  0.3  g  picric  acid  in  5  ml  alcohol.  M.p.  168-169*.  It  was  quite 
readily  soluble  in  alcohol. 


Found  to:  C  60.22;  H  4.29;  N  8.99.  CnHiP  •  OC^,(NO,)j.  Calculated  to:  C  60.38;  H  3.98;  N8.81. 

The  complex  salt  with  ferric  chloride  was  obtained  in  the  form  of  fine  crystalline  powder  of  a  brown- 
yellow  color  upon  combining  a  hydrochloric  acid  solution  of  hydroxydihydrofuran  with  an  aqueous  solution  of 
ferric  chloride.  The  salt  may  be  recrystallized  from  methyl  alcohol.  M.p.  147-148*. 

Found  to:  c  48.20;  H  4.01;  Cl  31.63;  Fe  12.44.  Ci,Hi70FeCl4.  Calculated  to:  C  48.34;  H3.81;  Cl  31.78; 

Fe  12.49. 

The  complex  salt  with  mercuric  chloride  came  down  in  the  form  of  fine  yellow  crystals  upon  addition  of 
an  equivalent  quantity  of  hydrochloric  acid  (d  1.19)  to  a  mixture  of  equimolar  quantities  of  hydroxydihydrofuran 
and  mercuric  chloride  in  alcohol  (10  ml  96t»  alcohol  pet  1  g  hydroxydihydrofuran).  The  yield  was  almost  quant¬ 
itative.  The  salt  was  insoluble  in  cold  water  and  organic  solvents  but  could  be  recrystallized  from  a  large  quant¬ 
ity  of  methyl  alcohol.  Under  the  conditions  of  the  melting-point  determination,  it  turned  green  at  140*  and  be¬ 
gan  to  decompose  at  160*. 

Found  yo:  C  37.83;  H  3.42;  Hg  34.85;  Cl  18.28.  CijHnOHgClj  •  H2O.  Calculated  %:  C  37.63;  H  3.31; 

Hg  34.96;  Cl  18.55. 

The  complex  salt  with  mercuric  bromide  was  prepared  similarly  to  the  preceding  salt  by  taking  mercuric 
bromide  and  hydrobromic  acid.  In  view  of  the  fact  that  mercuric  bromide  is  less  soluble  in  alcohol  than  mercuric 
chloride,  twice  the  amount  of  alcohol  must  be  taken.  Yield  81%  (due  to  partial  solubility  in  alcohol).  Fine 
yellow  crystals  with  an  orange  tinge  (after  recrystallization  from  methyl  alcohol),  decomposes  at  about  180-185* 
upon  melting  point  determination. 

Found  %:  Br  33.40,  33.38;  Hg  28.41.  CuHiTOHgBr,  •  H2O.  Calculated  %:  Br  33.92;  Hg  28.35. 

II. .  Condensation  of  5,5-dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5  with  l-phenyl-3r  methylpyra- 
zolone-5  (VIII), 

0.3  g  2-hydroxydihydrofuran  and  0.3  g  phenylmethylpyrazolone  (50%  excess)  were  dissolved  in  methyl  alcohol 
(15  ml  for  both  substances);  the  solutions  were  combined  and  heated  for  4  hours  to  the  boil.  After  2  days,  from 
the  slightly  darkened  liquid,  upon  standing  in  an  open  vessel,  long  colorless  acicular  crystals  separated  out  which 
after  being  washed  with  methyl  alcohol  had  m.p.  137-138*.  Yield  0.3  g  (63.5%,  based  on  the  hydroxydihydro¬ 
furan  taken).  A  small  additional  amount  of  condensation  product  (VIII)  came  down  from  the  mother  liquor. 

Found  %:  C  79.32;  H  6.40;  N  6.26.  M  419.  C^HiANi-  Calculated  %:  C  79.61;  H6.16;  N  6.63.  M  422. 

III.  Reaction  of  the  perchlorate  of  5,5  — dimethyl-2,4r-diphenyl-2-hydroxydihydrofurarr-2,5  with  meth- 
ylmagnesium  iodide. 

To  the  methylmagnesium  iodide,  prepared  in  the  usual  manner  from  5  g  magnesium  and  30  g  methyl 
iodide  in  150  ml  absolute  ether,  18  g  dry  perchlorate  was  added  in  5  different  portions  (calculated  for  3.5-fold 
excess  of  organomagnesium  compound).  The  reaction  was  carried  out  with  mixing  at  room  temperature;  slight 
evolution  of  heat  was  noted  upon  adding  the  perchlorate.  After  all  the  perchlorate  had  been  added,  the  reaction 
mass  was  heated  for  30  minutes  to  a  weak  boil  of  ether  and,^fter  cooling,  was  poured  on  ice,  decomposed  with 
ammonium  chloride  and  extracted  with  ether.  After  drying  with  sodium  sulfate  and  driving  off  the  ether,  the 
remaining  colorless  liquid  had  b.p.  163*  upon  vacuum  distillation  (2  mm). 

The  substance  contained  no  hydroxyl  group  (negative  reaction  with  methylmagnesium  iodide) ,  gave  no 
fluorescence  with  strong  sulfuric  acid  but  gave  a  brown  solution  which  formed  an  emulsion  upon  dilution  with 
water;  it  reacted  quite  slowly  with  bromine  in  chloroform  and  with  potassium  permanganate. 

Yield  10,5  g  substance  with  a  rather  pleasant  odor  (78%,  based  on  substance  being  2,2,5-trimethyl-3,5- 
diphenyldihydrofuran- 2,5). 
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B.p.  163*  (2  mm),  ng  1.5736,  di®1.0660,  MRd  81.67  .•  CjjHjoO  p.  calc.  81.72. 

Found  C  86.15,  86.01;  H  7.92,  7.95.  M  256.  C^HjoC.  Calculated  <70:  C  86.37{  H  7.60.  M  264. 


Oxidation  of  substance  with  b.p.  163*  (2  mm).  For  the  oxidation  we  took  6  g  of  the  substance  and  12  g 
potassium  permanganate  (calculating  5  moles  oxygen  per  1  mole  dihydrofuran).  To  400  ml  1.5^  aqueous  sol¬ 
ution  of  potassium  permanganate  in  the  cold  was  added  all  the  oxidized  substance.  The  remaing  quantity  of 
oxidant  was  added  in  small  portions  and  in  a  finely  divided  state.  Since  the  oxidation  went  very  sluggishly,  the 
reaction  mass  was  heated  at  45*  for  6  hours.  After  this  potassium  permanganate  color  disappeared, manganese 
dioxide  was  filtered  off, washed  with  FtO,and  then  with  ether.  Afteradditionof  0.3  g  soda,  ethereal  extracts  were 
taken  from  the  filtrate  and  combined  with  the  ether  after  washing  the  manganese  dioxide.  After  driving  off  the 
ether,  we  obtained  2.5  g  oily  liquid  with  the  odor  of  acetophenone.  The  content  of  acetophenone  in  the  mixture 
of  neutral  oxidation  products  was  determined  via  the  2,4-dinitrophenylhydrazone  and  corresponded  to  40^^.  The 
yield  of  acetophenone  was  1  g;  the  obtained  2,4-dinitrophenylhydrazone  had  m.p.  249-250*  and  gave  no  melting 
point  depression  with  known  2,4-dinitrophenylbydrazone  of  acetophenone. 

Acetone  was  driven  off  from  the  aqueous  solution  of  organic  acid  salts  and  characterized  by  its  2.4-dinitro- 
phenylhydrazone  (m.p.  124-125*).  The  solution  of  organic  acid  salts  was  concentrated  on  a  water  bath  and  de¬ 
composed  with  dilute  sulfuric  acid.  Upon  boiling  an  aqueous  solution  with  distillation  of  the  volatile  acids,  in 
the  distillate  we  detected  traces  of  formic  acid  and  a  small  amount  of  benzoic  acid  which  separated  out  in  the 
condenser.  The  non-volatile  (with  steam)  acids  (2  g)  were  obtained  after  ether  was  removed  from  their  ethereal 
extract;  they  were  in  the  form  of  a  thick  viscous  mass  from  which,  upon  standing,  crystals  started  to  separate  out. 
The  crystals  were  purified  on  a  porous  plate  and  had  m.p.  65-67*;  they  gave  a  melting  point  depression  with 
benzoic  acid.  The  acid  was  quite  readily  soluble  in  hot  water,  quite  readily  sublimed  and  had  a  pleasant  honey¬ 
like  odor.  After  sublimation,  its  melting  point  was  unaltered. 

Found  number  of  active  hydrogens:  1.93;  %  OH  20.44;  equiv.  I681.C9H10O3  jCalculated  number  of  active 
hydrogens  2;  fo  OH  20.48;  equiv.  166. 

A  portion  of  the  acid  was  converted  via  ammonium  salt  to  the  silver  salt.  It  was  washed  with  warm  water 
(it  wetted  very  poorly  and  was  relatively  readily  soluble  in  hot  water)  and  dried  in  a  desiccator*  the  salt  was 
stable  on  keeping  and  in  solutions  on  heating. 

Analysis  of  the  salt  at  first  yielded  a  high  silver  content  (40.41'(^  against  39.55),  probably  due  to  slight  ad¬ 
mixture  of  the  silver  salt  of  benzoic  acid.  After  purification  by  fractional  crystallization,  the  silver  content  of 
the  salt  corresponded  to  the  theoretical. 

Found  %:  Ag  39.33.  CgHgOsAg.  Calculated  Ag  39.55 

The  properties  and  analytical  data  of  the  acid  with  m.p.  65-67*  corresponded  to  methylphenylglycolic 
acid  [39]  but  its  formation  upon  oxidation  of  the  substituted  dihydrofuran  together  with  benzoic  acid  .acetophe¬ 
none  and  acetone  lead  us  to  consider  the  structure  of  the  dihydrofuran  to  be  2,5,5-trimethyl-2,4-diphenyldihydro- 
furan-2,5  (XIII). 

IV.  2- Methyl-3, 5-dif^eny  1-1 ,3-pentadienone-5  (XV). 

This  diolefinic  ketone  was  isolated  from  the  resin  obtained  from  the  ethereal  extract  of  the  acid  solution 
upon  synthesis  of  5,5-dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2.5  from  an  acetylenic  pinacol —  unsym- 
metrical  dimethylj^enyl-phenylacetylenylethylene  glycol  (I).  Upon  standing,  crystals  started  to  come  down 
from  the  resin  within  5-6  months.  For  isolaticn,  the  crystals  with  the  resin  were  washed  on  a  porous  plate  with 
gasoline  (b.p.  85-110*).  After  recrystallization  from  boiling  gasoline,  we  obtained  we  11- formed,, large, (hick, 
bright-yellow  needles  with  m.p.  92-93*. 

The  substance  did  not  contain  hydroxyl  groups  and  rapidly  decolorized  a  solution  of  potassium  permanganate 
and  a  solution  of  bromine  in  chloroform , and  with  2,4-dinitrophenylhydrazine  gave  a  bright-red  2,4-dinitrophen¬ 
ylhydrazone  with  m.p.  155-156*. 

Analysis  of  the  substance  with  m.p.  92-93*.  Found  '7o:  C  86.77,  86.87;  H  6.84,  7.01.  M  240.8  CigHi^. 
Calculated  «lo:  C  87.10;  H  6.45.  M  248. 
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Analysis  of  the  2,4-dinitrophenylhydrazone  vdth  m.p.  155-156*.  Found  C  67,05,  H  5.02;  N  13.47. 
Cm1^*04N4.  Calculated  «jfc;  C  67.28;  H  4.67;  N  13.08. 

Ozonation  of  the  substance  with  m.p.  92-93*  was  carried  out  in  chloroforni.  1.006  g  ozone  was  spent  on  2 
g  of  substance  (130%  calculated  ondidlefinic  ketone).  Yield  3.65  g  solid  yellow  ozonide.  After  the  usual  de¬ 
composition  of  the  ozonide  and  alkalization  of  the  solution,  the  neutral  products  were  extracted  with  ether.  A 
small  amount  of  viscous  yellow  liquid  (about  0.3  g)  with  a  peculiar  pungent  odor  was  isolated  which  came  over 
with  the  steam;  from  it  we  prepared  the  bright- red  p-nitrof^enylhydrazone  which  was  insoluble  in  ordinary  sol¬ 
vents  and  decomposed  at  about  230-233*. 

Upon  standing,  flakes  separated  out  from  the  liquid  which  after  purification  on  a  porous  plate  melted  at 
about  206-211*.  Due  to  their  small  quantities  the  first  and  second  substances  were  not  investigated  in  greater 
detail  but  it  may  be  assumed  that  the  first  was  the  diketone  —  acetylbenzoyl  [40]  and  the  second  its  condensation 
product  —  2,5-diphenylquinone  [41]. 

Acidification  of  the  organic  acid  salts  yielded  1.6  g  benzoic  acid  with  m.p.  118-119*  (mixing  test)  and 
the  sharp  odor  of  the  organic  acids  was  perceived  (probably  of  acetic  and  formic).  After  removal  of  benzoic 
acid,  a  qualitative  reaction  with  phenylhydrazine  hydrochloride  [42]  revealed  a  small  amount  of  benzoyl  formic 
acid  in  the  solution  and  the  presence  of  formic  acid  in  the  distilled  aqueous  solution  was  shown  by  reduction  of 
mercuric  chloride  and  an  ammoniacal  solution  of  silver  oxide.  The  high  content  of  benzoic  acid  may  be  due  to 
the  decomposition  of  not  only  benzoyl  formic  acid  but  also  the  partial  oxidation  of  acetylbenzoyl. 

The  obtained  ozonation  products  permit  us  to  consider  the  diolefinic  ketone  to  be  2-methyl-3,5-diphenyl- 
pentadien^l  ,3-one-5. 

From  30  g  glycol  we  obtained  2.9  g  (10.4%)  crude  ketone  and  after  two  recrystallizations  from  the  light 
gasoline  fraction  we  obtained  2.5  g  (9%). 


SUMMARY 

1.  It  is  shown  that  the  basic  properties  of  5, 5r-dimethy  1-2, 4-diphenyl- 2-hydroxydihydrofuran-2, 5  are  gov¬ 
erned  by  formation  of  the  carbonium  ion.  This  compound  gives  salts  that  are  completely  analogous  to  the  ben- 
zopyrilium,  flavinium  and  xanthilium  salts,  and  they  may  be  called  dihydrofurylium  salts. 

2.  A  series  of  new  ethers  of  salts  of  2-hydroxydihydrofuran  is  obtained  and  confirms  the  structure  of  the 
salts  of  2-hydroxydihydrofuran-2.5. 

3.  Condensation  of  2-hydroxydihydrofuran  with  methylfrfienylpyrazolone  is  effected;  this  confirms  the  great 
mobility  of  the  hydroxyl  group  of  2-hydroxydihydrofuran. 

4.  The  reaction  of  an  organomagnesium  compound  with  dihydrofurylium  perchlorate  is  studied. 

5.  A  dienic  ketone  —  2-methyl-3,&-diphenyl-pentadien-l  ,3-one-5  —  is  isolated  from  the  products  of 
isomerization  of  unsymm.  dimethyl-phenyl-phenylethynyl-ethylene  glycol  in  an  acid  medium. 

6.  A  mechanism  for  the  formation  of  5.5^dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5  under  the 
influence  of  sulfuric  acid  is  proposed. 
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REACTION  OF  tn- N  IT  RO  PHE  NO  L  WITH  SYMMETRICAL 


MERCURY  COMPOUNDS 
V.  F.  Martynova 


It  was  established  in  a  series  of  researches  [1-3]  that  reaction  of  aromatic  compounds  of  mercury  with  phenols 
takes  place  with  formation  of  mercurated  compounds  of  phenol.  The  reaction  proceeds  according  to  the  follow¬ 
ing  equation: 

ArHgAr  [ArHg  •  +  Ar  ••  ]  +  C6H4iOH)(R)  C6H3(OH)(R)HgAr  +  ArH. 

Mercurated  derivatives  of  phenols  are  crystalline  compounds  which  decompose  on  heating  with  separation 
of  free  metallic  mercury.  Their  susceptibility  to  decomposition  (in  other  words,  their  thermal  stabilityl  is  gov¬ 
erned  to  a  considerable  extent  by  the  nature  of  the  substituents  in  the  phenol  ring. 

It  was  found  that  in  the  case  of  various  first  order  substituents,  the  compounds  obtained  were  less  stable  than 
in  the  case  of  second  order  substituents.  The  position  of  the  substituting  groups  in  the  phenolic  ring  at  the  same 
time  influences  the  thermal  stability  [4].  In  the  case  of  nitrophenols  the  most  stable  mercurated  compounds  are 
derivatives  of  o-nitrophenol,  while  the  least  stable  are  the  derivatives  of  m-nitrophenol. 

The  present  investigation  relates  to  the  mercuration  of  derivatives  of  m-nitrophenol.  In  respect  of  thermal 
stability  the  prepared  compounds  stand,  so  to  speak,  at  the  boundary  between  the  unstable  compounds  of  phenols 
containing  first  order  substituents  and  the  extremely  stable  p-  and  o- nitrophenols. 

We  studied  the  reaction  of  m-nitrophenol  with  di-p-aminophenyl-mercury,  ditolyl- mercury,  dimethoxy- 
phenyl-mercury,  and  biphenyl- mercury.  The  reaction  was  carried  out  in  sealed  ampoules  at  70,  100,  130  and 
150'  and  with  various  durations  of  heating  (3-6  hours). 

The  investigations  showed  that  reaction  of  the  above- noted  symmetrical  aromatic  compounds  of  mercury 
with  m-nitrophenol  goes  with  formation  of  two  kinds  of  products.  On  the  one  hand  we  obtained  4  monomercurated 
derivatives  of  m-nitrophenol  which  differed  from  one  another  in  respect  of  the  radical  attached  to  the  mercury: 

(I)  rarCeHsfOHXNOjIHgCeHs  (III)  m-C6H3(OH)(NO^HgC5H4N02-p 

(II)  m-C6H3(0H)(N02)HgC6H4CH3-p  (IV)  m-C6H3(0H)(N02)HgCsH40CH3-]) 

On  the  other  hand, in  all  the  experiments  one  more  compound  was  obtained  whose  composition  and  prop¬ 
erties  did  not  alter  with  the  nature  of  the  symmetrical  compound  of  mercury  taken  in  the  reaction.  This  substance 
contained  mercuiy  and  free  hydroxyl  groups.  On  the  basis  of  analyses  we  assigned  to  it  the  formula  of  di-(m- 
hydroxynitrophenyl)- mercury :: 


m-(02N)(OH)C6H3HgC6H3(OH)(N02) 

This  compound  is  formed  as  a  result  of  breakdown  of  the  primarily  formed  mercurated  derivatives  of  nr- 
nitrophenol  (RArCjH4)2Hg  into  radicals  and  their  subsequent  interaction  with  a  fresh  molecule  of  nr^nitrophenol; 
RArHgC8H,(0H)(N02)  [RAr*  +  'Hg  C6H3(0H)(N02)]  +  C8H4(0H)(N02)  —  (02N)(0H)C6H3HgC6H3(0H)(N02)  + 

+  RArH. 
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For  confirmation  of  this  hypothesis  we  reacted  one  of  our  synthesized  mercurated  derivatives  of  m-nitrophen- 
ol  with  m-nltrophenol..  As  a  result  we  actually  obtained  di-(m-hydroxynitrophenyl>^mercury  and  aniline; 

H,NC,H4HgC«H,tOH)(NO,)  +  C*H4(OH)(NO,)  — 
(0,N)(0H)C8HjHgCjHj(0H)(N0,)  +  C,H4NHx 

EXPERIMENTAL 

Reaction  of  m-nitrophenol  with  dt-p^aminophenylmercury.  The  reaction  was  carried  out  at  different  temp¬ 
eratures  •  70,  100,  130,  150*.  Heating  lasted  3  hours.  At  one  temperature  (130*1  an  experiment  was  performed 
with  heating  for  6  hours. 

In  all  experiments  the  starting  substances  were  taken  in  identical  quantities  by  weight  .from  0.2  to  0.4  g. 

The  reaction  was  carried  out  in  sealed  ampoules. 

Separation  of  the  substances  after  opening  the  ampoules  was  effected  quite,  readily  due  to  their  different 
solubilities.  As  example  we  present  one  typical  experiment. 

Heating  for  3  hours  at  100*.  After  the  ampoules  were  opened,  aniline  was  removed  from  the  reaction  mass 
and  identified  via  the  benzoyl  derivative..  The  residue  was  treated  with  aqueous  alcohol  to  remove  the  unreacted 
m-nitrophenol.  The  insoluble  mass  was  treated  with  heated  alcohol  from  which,  upon  cooling,  green  crystals  of 
(N02)(0H)C8H3HgCgH4(N0j)  came  down;  weight  0.120  g.  For  purification,  the  substance  was  dissolved  in  2  N  KOH 
and  precipitated  by  gaseous  COj.  Yellow  crystals  were  obtained  with  m.p.  225*  (with  decomp.). 

Found  7o:  Hg  45.63.  CjjHioOsNjHg.  Calculated  Hg  42.58 . 

The  alcohol-insoluble  residue  was  in  the  form  of  fluffy  yellow-green  crystals  with  m.p.  244-245*  (with 
decomp.),  and  was  (N02CgHs0H)2Hg.  Yield  0.45  g. 

Founder  Hg  42.68  Ci2H^8N2Hg.  Calculated Hg  42.08. 

At  130  and  150*  metallic  mercury  formed  due  to  decomposition  of  the  starting  and  formed  substances.  Thq' 
mercury  was  analyzed  by  the  usual  method. 

The  data  for  all  the  experiments  that  were  carried  out  are  given  in  Table  1. 

Confirmation  of  the  structure  (N03)(0H)CgHaHgC8H4(Nl^).  For  the  experiment  the  substance  was  taken  in 
the  form  of  yellow  scalelike  crystals  with  m.p.  224-225*  (with  decomp.). 

The  ability  of  the  given  compound  to  dissolve  in  alkali  and  be  precipitated  out  by  CO2  indicates  the 
presence  of  free  phenolic  hydroxyl. 


TABLE  1 


Reaction  and  decomposition  products  j 

,  70* 

i  3  hours 

130*  1  130* 

3  hours  1  6  hours  1 

150* 

3  hours 

(NO,)(OH)CeH,HgC,H4(  NH2)  (in  g) 

0.380 

0.120 

j  1 

0.168  1 

1 

[(N02)(0H)C,Hj]2Hg  (in  g) 

- 

0,450 

0.240  i  0.156 

- 

Hg  (in  % 

6.86  15.28 

81.17 

Alcoholic  Hdl  solution  brought  about  cleavage  of  the  substance  and  formation  of  white  crystalline  p- 
aminophenylmercury  chloride  with  m.p.  200*,  identified  by  mixing  test,  m'^itrophenol  with  m.p.  96*  was  iso¬ 
lated  .from  the  ethereal  extract.  A  mixed  sample  gave  no  depression. 

The  position  of  the  mercury  atom  in  the  nitrophenol  ring  was  determined  by  cleavage  of  the  compound 
with  bromine  in  aqueous  solution  of  potassium  bromide.  In  this  case  the  mercury  is  replaced  by  bromine.  This 
reaction  yielded  a  crystalline  substance  with  m.p.  139-140*.  After  recrystallization  from  petroleum  ether,  it  was 
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in  the  form  of  fine  lustrous  crystals  with  m.p.  142-143*.  This  conincides  with  the  literature  data  on  the  melting 
point  of  3-nitro-5-bromophenol  (143-145*)  [4],  On  the  basis  of  this  we  believe  we  obtained  3-nitro-5-amino|;^en- 
ylmercury-l-hyclroxybenzene  (V). 

OH 

I  I  (V) 

HaNCeHjHgl^^'NOa 

Reaction  of  m-nitrophenol  with  di-p-methoxyphenylmercury.  The  reaction  was  carried  out  as  in  the  pre¬ 
ceding  case  at  different  temperatures  (70,100,130,150*).  Heating  was  continued  for  3  hours.  In  all  experiments 
the  starting  substances  were  taken  in  the  same  quantities  by  weight  (0.20  g).  As  an  example  we  present  one  typ¬ 
ical  experiment. 

Heating  for  3  hours  at  70*.  After  the  ampoules  were  opened,  anisole  was  separated  from  the  crystalline 
mass  by  meansof  a  capillary  pipet.  M.p.  154"  (Sivolob).  To  remove  the  unreacted  nitrophenol  the  reaction  imass 
was  treated  with  aqueous  alcohol.  After  two  recrystallizations,  from  the  insoluble  precipitate  we  obtained  pale-yellow 
crystals,  weight  0.160  g  with  m.p.  230-232*. 

Found  °]oi  Hg  44.22.  C]3Hii04NHg.  Calculated  Hg  44.99. 


TABLE  2 


Reaction  and  decomposition  products  i 

1 

j 

70* 

3  hours 

1  100’ 

3  hours 

130*  j 

3  hours  1 

150* 

!  3  hours 

(NOiXOH)C6H3HgCeH4(OCHs)  (in  g) 

0.160 

0.120 

1 

1 

0.086 

0.060 

[!(N(^XOH)C6Hj]jHg  (in  g) 

- 

~  i 

0.250 

0.160 

Hg  (in  %) 

1 

! 

5.28 

The  experimental  data  ate  given  in  Table  2 . 


Reaction  of  m-nitrophenol  with  o-ditolylmercury.  The  starting  substances  for  the  reaction  were  taken  in 
0.50  g  samples.  Heating  was  for  3  hours  at  130*.  After  the  ampoules  were  opened,  toluene  was  driven  off  and 
m-nitrophenol  was  extracted  with  aqueous  alcohol.  The  insoluble  precipitate  was  bis -m-nitrophenyl mercury  in 
the  form  of  soft  yellow  crystals  with  m.p.  246*  (with  decomp.).  Yield  0.3860  g. 

Reaction  of  m-nitrophenol  with  diphenylmercury.  For  the  reaction  we  took  0.50  g  samples  of  starting 
substances.  The  reaction  was  carried  out  with  heating  to  130*  for  3  hours.  After  the  ampoules  were  opened,  first 
benzene  was  driven  off.  Fron  the  alcdiolic  extract  we  obtained  a  reaction  product  in  the  fcarm  of  yellow  crystals 
with  m.p.  150*  (with  decompL),  weight  0.130  g. 

Found  In  Hg  47.70.  CjzHgPjNHg.  Calculated  Hg  48.26. 

The  insoluble  residue  of  di-(m-hydroxynitrophenyl)  mercury  was  in  ±e  form  of  soft  yellow  crystals  with 
m.p.  246*  (with  decomp.).  Yield  0.65  g. 

Confirmation  of  the  structure  of  di-(m-hydroxynittophenyl) -mercury  m-[N02(OH)C(Hs]|Hg.  1.5  g  substance 
was  obtained  in  the  form  of  soft  yellow-green  crystals  wi±  m.p.  245-246*  (with  decomp.)  and  a  mercury  content 
of  42.25  and  42.88%. 

To  confirm  the  |»esence  of  hydroxy  groups  in  the  compound  the  substance  was  dissolved  in  0.5  N  KOH. 

The  substance  was  precipitated  from  the  biight-red  solution  by  carbon  dioxide  in  the  form  of  yellow -greenish 
soft  crystals  with  m.p.  246*  (decomp.).  A  mixed  sample  gave  no  depression. 

The  content  of  active  hydrogen  was  also  determined  by  the  Chugaev  transformation  method. 

Found;  active  H  atoms  2.03,  2.08,  2.02.  [NOi(OH)»CflHj]jHg.  Calculated;  active  H  atoms  2. 
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Confirmation  of  the jFormation  of  di-(m-hydroxynitrophenyl^mercury^  0,10  g  m-(NOjjXOH)C5HsHgCjH4NHj-p 
and  0.0500  g  m-nitrophenol  were  heated  in  a  sealed  ampoule  for  3  hours  at  130*.  When  the  ampoule  was 
opened,  aniline  was  detected  (by  isocyanide  reaction).  After  treatment  of  the  reaction  mixture  with  alcohol,  an 
insoluble  precipitate  remained  in  the  form  of  yellow -greenish  crystals,  weight  0.0586  *g  ,  m.p.  246*  (with  decomp,). 
A  mixed  sample  with  known  di-(m-hydroxynittophenyl)-mercury  gave  no  depression. 

SUMMARY 

1.  The  reaction  of  m-nitrophenol  with  dijiienyl -mercury,  with  di-p- amino  phenyl- mercury,  with  di-p- 
methoxyphenyl -mercury  and  with  di-o-tolyL-merc^y  was  studied. 

2.  It  was  shown  that  in  all  cases  monomercurated  derivatives  of  m-nitrophenol  are  formed. 

3.  It  was  found  that ,  apart  from  monomercurated  derivatives  of  m-nitrophenol,  dl-(hydroxynitrophenyl)- 
mercury  is  obtained;  the  latter  is  formed  as  a  result  of  reaction  of  the  mercurated  derivatives  of  m-nitrophenol 
with  m-nitrophenol. 
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SYNTHESES  IN  THE  SERIES  OF  AROMATIC  DERIVATIVES  OF  THIOUREA 


K.  M.  Muravyeva  and  T.  P.  Sycheva 


In  recent  years  reports  have  appeared  in  the  literature  of  the  antitubercular  activity,  both  in  viuo  and  in 
vivo,  of  some  derivatives  of  thiourea  [I,  2,  3], 

Studies  were  mainly  made  of  N,N'-diaryl -substituted  thioureas  (thiocarbanilides)  with  various  substituents 
in  the  benzene  ring.  The  most  interesting  representatives  of  this  series  of  compounds  proved  to  be:  4,4 '-di -alkyl - 
and  dialkoxy -thiocarbanilides,  in  particular  4,4’-diethoxythiocarbanilide. 

Derivatives  of  thiourda  containing  an  aroyl  residue  at  one  or  both  nitrogen  atoms  have  been  rather  neg¬ 
lected  from  the  chemical  angle,  while  they  have  not  been  investigated  at  all  biologically.  For  this  reason  it 
appeared  of  interest  to  synthesize  a  series  of  N-aryl-N'-aroyl -substituted  thioureas  and  to  subject  them  to  chem¬ 
otherapeutic  tests. 

Compounds  of  this  type  were  synthesized,  starting  from  the  chlorides  of  the  corresptxiding  acids,  via  the 
isothiocyanates  according  to  the  following  scheme  [10]: 

RCOOH  — — V  RCOa  — RCQNCS  ■ RCONHCSNHR’ 

R’  =  p-tolyl,  p-ethoxyphenyl,  p-nitrophenyl; 

R  =  phenyl,  p-nitrophenyl,  p-dimethylaminophenyl 

The  synthesis  may  be  carried  out  both  with  separation  of  the  intermediate  isothiocyanates  and  without 
their  separation;  in  the  latter  case  the  yield  is  considerably  increased;  thus,  for  N-p-nitrobenzoyl-N*-p-ethoxy- 
phenylthiourea  the  yield  is  90  reckoned  on  the  p-nitrobenzoic  acid.  Some  isothiocyanates  were  unstable  sub¬ 
stances  and  they  could  not  be  isolated  in  a  sufficiently  pure  state  (an  example  is  p-dimethylam'inobenzoyl  isothio¬ 
cyanate).  . 

Thiourea  derivatives  containing  a  nitro  group  in  the  benzene  ring  were  subjected  to  catalytic  hydrogenation 
in  presence  of  excess  of  skeletal  nickel  catalyst.  In  this  way  we  obtained  the  corresponding  amines  ,who8e  acetyl¬ 
ation  under  mild  conditions  led  to  the  acetyl  derivatives.  All  the  prepared  compounds  were  handed  over  for  chem¬ 
otherapeutic  tests. 

For  comparison  of  the  activity  of  the  prepared  compounds  with  that  of  derivatives  of  thiocarbanilide,  we 
synthesized  4,4'-diethoxythiocarbanilide,  This  compound  had  previously  been  obtained  by  reaction  of  p-jAene- 
tidine  with  carbon  bisulfide  in  presence  of  hydrogen  peroxide.r4]  or  sulfur  [5],  and  also  by  reactitm  of  thiophosgene 
with  p-phenetidine  [6]. 

In  view  of  the  undesirability  of  working  with  carbon  bisulfide  in  the  preparation  of  large  quantities  of 
compounds,  we  tried  to  use  the  meaiod  of  condensation  of  thiourea  with  amines  for  the  synthesis  of  4,4'-diethoxy- 
thiocarbanilide. 

As  we  know  from  the  literature,  heating  of  thiourea  with  aniline  [7,8]  or  with  p-ayiinoacetanilide  [9] 
gives,  apart  from  monosubstituted  thioureas,  N.N’-disubstituted  derivatives.although  in  very  poor  yield.  We 
showed  that  by  conducting  the  reaction  with  equimolar  amounts  of  thiourea  and  p-phenetidine  at  140*,  a 
yield  of  of  p-ethoxyphenylthiourea  is  obtained.  Applying  more  drastic  conditions  (180-210*)  with  excess 
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of  p-phenetidlne,  a  yield  of  about  45'7oof  4,4’ -diethoxy thiocarbanilide  is  obtained,  calculated  on  the  reacted  p 
j^enetidine.  • 


EXPERIMENTAL 

N-Benzoyl-N’-p-ethoxyphenylthiourea,  To  a  boiling  solution  of  5.9  g  freshly -distilled  p-phenetldine  in 
25  ml  anhydrous  benzene  was  added  with  stirring  in  the  course  of  20  minutes  7  g  benzoyl  isothiocyanate  in  25  ml 
anhydrous  benzene  [ll],and  then  the  reaction  mass  was  heated  for  15  minutes  more.  Upon  cooling,  the  precipi¬ 
tate  which  separated  out  was  filtered  off  and  carefully  washed  with  benzene.  The  yield  of  N-benzoyl-N'"ethoxy- 
phenylthiourea  was  11.4  g  (89 ^o).  Colorless  needles  with  m.p.  146-148“,  readily- soluble  in  acetone,  chloroform, 
ethyl  acetate,  dioxane,  more  difficultly  soluble  in  alcohol,  ether  and  insoluble  in  water.  After  two  recrystalliza¬ 
tions  from  alcohol,  it  had  m.p.  147-148“. 

Found C  63.48;  H  5.33;  N  9.35.  CigHjeOiNzS.  Calculated '7a:  C  63.93;  H  5.33;  N  9.33. 

N-p-Acetaminobenzoyl-N'-p-^thoxyphenylthiourea.  a)  p-Nitrobenzoyl  isothiocyanate.  To  a  boiling 
suspension  of  74  g  p-nitrobenzoic  acid  in  300  ml  anhydrous  benzene  widi  stirring  we  added  60  ml  thionyl  chloride 
drop-wise  in  the  course  of  30  minutes.  The  reaction  mass  was  then  boiled  for  21  hours  until  complete  solution  of 
p-nitrobenzoic  acid.  After  removal  of  the  excess  thionyl  chloride  and  the  benzene  in  vacuum,  the  residue  (p- 
nitrobenzoyl  chloride)  was  dissolved  in  350  ml  anhydrous  benzene  and  the  resulting  solution  with  stirring  was  add¬ 
ed  drop-wise  in  the  course  of  1.5  hours  to  a  suspension  of  94  g  lead  thiocyanate  in  100  ml  boiling  anhydrous  ben¬ 
zene.  When  the  reaction  was  complete,  the  precipitate  was  filtered  off  and  the  filtrate  was  evaporated  down  in 
vacuum;  the  residue  was  p-nitrobenzoyl  isothiocyanate  in  the  form  of  yellow  needles  with  m.p.  78-83“.  Weight 
88.6  g.  For  purification  a  portion  of  the  substance  was  vacuum  distilled.  p-Nitrobenzoyl  isothiocyanate  had 
b.p.  187-188“  at  10  mm;  m.p.  90-92“, 

Found  °]<r.  N  13.55.  CSH4O5N2S.  Calculated  N  13.46. 

N~p-Nitrobenzoyl-N  '-p-ethoxyphenylthiourea.  To  a  boiling  solution  of  33.4  g  freshly -distilled  p-phen- 
tidine  in  50  ml  anhydrous  benzene  with  stirring  was  added  drop-wise  in  the  course  of  50  minutes  a  solution  of 

50.5  g  p-nitrobenzoyl-isothiocyanate  in  250  ml  anhydrous  benzene  and  then  the  reaction  mass  was  heated  for 

1.5  hours  more.  Upon  cooling,  the  precipitate  which  separated  out  was  filtered  off  and  washed  with  benzene. 

The  yield  of  N-p-nitrobenzoyl-N'-p-ethoxyphenylthiourea  was  74,4  g  (88.7‘7o)  —  orange  needles,  soluble 
in  acetone,  dichloroethane,  ethyl  acetate,  dioxane,  sparingly  soluble  in  alcohol  and  ether.  After  two  recrystal¬ 
lizations  from  benzene,  it  had  m.p,  167-168.5“. 

Found  ‘7«  C  55.67;  H  4.43;  N  11.87.  C16H15O4NJS.  Calculated  '7«  C  55.62;  H  4.38;  N  12.16. 

c)  N-p-Aminobenzoyl-N'-p-ethoxyphenylthiourea.  To  a  suspension  of  25  g  commercial  N-p-nitroben- 
zoyl-N '-p-ethoxyphenylthiourea  with  m.p.  156-163“  in  450  ml  ethyl  acetate  was  added  12  g  skeletal  nickel 
catalyst  (slurry)  in  alcohol.  Hydrogenation  was  carried  out  at  room  temperature  and  atmospheric  pressure  for 
11  hours. 

The  reaction  mass  was  filtered  free  of  catalyst,  the  ethyl  acetate  was  driven  off  in  vacuum;  the  residue 
(22.5  g)  was  recrystallized  from  alcohol.  Yield  16.5  g  slightly  yellowish  crystalline  substance  with  m.p.  182- 
183*,  soluble  in  ethyl  acetate,  acetone,  chloroform,  difficultly  soluble  in  alcohol,  insoluble  in  water. 

Found  %  C  61.19;  H  5.56;  N  12.59.  CjsHiTOijNjS.  Calculated  C  60.92;  H  5.45;  N  13.32. 

d)  N-p-Acetaminobenzoyl-N*-p-ethoxyphenylthiourea.  To  a  suspension  of  3  g  N-p-aminobenzoyl-N*- 
p-ethoxyphenylthiourea  in  40  ml  dry  chloroform  was  added  with  stirring  at  room  temperature  7.5  ml  acetic  an¬ 
hydride,  The  reaction  mass  was  boiled  on  a  water  bath.  Soon  all  the  substance  dissolved  and  then  a  precipitate 
again  came  down.  After  further  heating  for  15  minutes  the  mixture  was  cooled,  the  precipitate  was  filtered  off, 
washed  with  a  small  amount  of  cooled  chloroform  and  dried  in  a  vacuum  desiccator.  Yield, 2.95  g  white  crystal¬ 
line  substance,  soluble  in  ethyl  acetate,  more  difficultly  soluble  in  chloroform  and  alcohol,  m.p.  190-190.5“, 

Found  <70:  C  60.28;  H  5.38;  N  11.28.  CisH^NsOsS.  Calculated  <70:  C  60.6 ;  H  5.33;  N  11.76. 

fThe  authors  convey  their  deep  gratitude  to  Prof,  M.  N.  Shchukina  for  her  interest  in  the  present  invest¬ 
igation. 
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N-p-Dimethylamlnobenzoyl-N*-p-ethoxyphenylthiourea.  To  a  boiling  suspension  of  9,2  g  p-dimethyl- 
aminobenzoic  acid  (m.p.  238-239")  in  200  ml  anhydrous  benzene  with  stirring  was  added  drop-wise  8  ml  thio- 
nyl  chloride.  The  reaction  mass  was  then  heated  for  5  hours  until  complete  solution  of  p-dimethylaminobenzoic 
acid. 

After  removing  the  excess  thionyl  chloride  and  the  benzene  in  vacuum,  the  residue  (p-dimethylaminoben- 
zoyl  chloride)  was  dissolved  in  200  ml  anhydrous  benzene  and  the  resulting  solution  with  stirring  was  added  drop- 
wise  to  a  suspension  of  20  g  lead  thiocyanate  in  75  ml  boiling  anhydrous  benzene.  When  the  reaction  was  com¬ 
plete,  the  precipitate  was  filtered  off  and  the  filtrate  was  evaporated  in  vacuum.  The  residue  (11.4  g)  was  p- 
dimethylaminobenzoyl  isothiocyanate  in  the  form  of  yellow  long  needles  with  m.p.  58-65",  which  rapidly  red¬ 
dened  in  air. 

A  solution  of  7.5  g  commercial  isothiocyanate  in  180  ml  anhydrous  benzene  was  added  drop-wise  with 
stirring  to  a  boiling  solution  of  5  g  p-phenetidine  in  50  ml  anhydrous  benzene  and  the  reacticm  mass  was  then 
heated  for  2  hours  more.  Upon  cooling,  the  precipitate  which  separated  5ut  was  filtered  off  and  washed  with 
benzene. 

Yield  8.6  g  N-p-dimethylaminobenzoyl-N'-p-ethoxyphenylthiourea  with  m.p.  178-180.5".  After  evapor¬ 
ation,  from  the  mother  liquor  was  isolated  an  additional  2  g  of  this  substance. 

After  recrystallization  from  acetic  acid  and  then  from  alcohol,  we  obtained  a  white  crystalline  substance 
with  m.p.  181-182", 

Found  C  62.87;  H  6.23;  N  12.04.  CiaHaiOiNjS.  Calculated  C  62.92;  H  6.16;  N  12.24. 

N-p-Acetaminobenzoyl-N*-p-tolylthiourea.  a)  N-p-Nitrobenzoyl-N*-p-tolylthioutea.  To  a  boiling  sol- 


ylthiourea.  To  a  boiling  suspension  of  13.3  g  p-nitroaniline  in  150  ml  anhydrous  benzene  was  added  drop- wise 
in  the  course  of  30  minutes  a  solution  of  20  g  p-nitrobenzoyl  isothiocyanate  in  150  ml  anhydrous  benzene.  After 
addition  of  all  of  the  isothiocyanate,  the  reacticxi  mass  was  heated  for  1  hour  more.  Upon  cooling,  the  precipitate 
which  separated  out  was  filtered  off  and  washed  with  benzene. 


Yield  30.9  g  N-p-nitrobenzoyl-N”-p-nitrophenylthiourea  in  the  form  of  a  yellow  crystalline  substance  with 
m.p.  181-184*.  After  subsequent  recrystallization  from  acetic  acid  and  alcohol,  it  had  m.p.  187-189*. 

Found  ‘7«  C  48.55;  H  2.88;  N  15.70.  C14H10O6N4S.  Calculated  C  48.53;  H  2.91;  N  16.19. 

b)  N-p-Aminobenzoyl-N'-p-aminophenylthiourea  (dihydrochloride).  To  a  suspension  of  28  g  commercial 
N-p-nitrobenzoyl-N'-p-nitrophenylthiourea  (m.p.  181-184*)  in  400  ml  ethyl  acetate  was  added  20  g  skeletal  nickel 
catalyst  (slurry)  in  alcohol.  Hydrogenation  was  carried  out  at  room  temperature  and  atmosj^ieric  pressure  for  8  hours. 
After  filtering  off  the  catalyst,  ethyl  acetate  was  evaporated  down  in  vacuum.  The  remaining  crystalline  substance 
—  N-p-aminobenzoyl-N'-p-aminophenylthiourea  was  converted  to  the  dihydrochloride  by  heating  with  lO*!^  hydro¬ 
chloric  acid.  Upon  cooling,  colorless  crystals  in  the  form  of  trihedral  prisms  separated  out  from  the  hot  solution. 
After  two  recrystallizations  from  dilute  hydrochloric  acid,  the  substance  had  a  decomposition  temperature  above 
300*. 

Found  C  47.10;  H  4.89;  Cl  19.8.  Ci4Hj40N4S.  •  2HC1.  Calculated  C  46.80;  N  4.47;  Cl  19.73. 

Reaction  of  thiourea  with  p-phenetidine.  a)  4-Ethoxy phenylthiourea.  A  mixture  of  13.7  g  p-phenetidine 
and  7.6  g  thiourea  was  heated  for  4  hours  at  140*.  The  mass  solidified  toward  completion  of  the  reaction  and  was 
dissolved  in  50  ml  hot  alcohol;  the  solution  was  filtered  and  cooled.  The  precipitate  that  separated  out  (7.5  g)  was 
washed  with  ether  and  dried;  m.p.  148-157*. 

After  recrystallization  from  acetone,  we  obtained  5.75  g  white  crystalline  substance  with  m.p.  168-169* 
(yield  29.3*^);  after  a  second  recrystallizaticHi  from  alcohol  the  substance  had  m.p.  170-171*  (literature  data  give 
m.p.  172*  [12]). 

b)  4,4'-Diethoxythiocarbanilide.  A  mixture  of  16  g  thiourea  and  11.6  g  p-phenetidine  was  heated  with 
stirring  for  9  hours  at  130-170*  and  then  for  8  hours  at  180-210*  until  evolution  of  ammonia  ceased. 

After  cooling,  the  precipitate  that  separated  out  was  filtered  off  and  washed  with  cold  alcohol;  yield  26  g 
of  grey  crystalline  substance  with  m.p.  166-169*.  Distillation  of  it  in  vacuum  yielded  from  the  mother  liquor 
65.5  g  unreacted  p-phenetidine;  thus,  the  yield  of  commercial  4,4'-diethoxythiocarbanilide,  based  on  the  reacted 
p-jrfienetidine,  was  about  45‘7o. 

After  two  recrystallizations  from  alcohol,  4,4’-diethoxythiocarbanilide  was  obtained  in  the  form  of  color¬ 
less  lustrous  flakes  with  m.p.  170-171*  (the  literature  data  give  m.p.  170-171*  [3]).  A  mixed  sample  with  p-ethoxy- 
phenylthiourea  was  depressed  (m.p.  149-154*). 


SUMMARY 

1.  A  new  series  of  N' -aryl -N'-aroyl -substituted  thioureas  is  obtained,  starting  from  aromatic  acids.  The 
cCTresponding  isothiocyanates  are  formed  intermediately  and  are  condensed  with  aromatic  amines. 

2.  N -Aryl -N'-aroyl-  derivatives  of  thiourea,  containing  a  nitro  group,  are  reduced  to  the  corresponding 
amines  and  their  acetyl  compounds  are  prepared. 

3.  It  is  established  that  reaction  of  equivalent  amounts  of  thiourea  and  p-fAenetidine  at  140*  gives  4-p- 
ethoxyphenylthiourea,  while  with  excess  of  p-phenetidine  at  180-210*  4,4'-diethoxythiocarbaniIide  can  be  ob¬ 
tained  in  45‘]t>  yield. 
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TRIPHENYLPHOSPHA  ZOSULF ON ARYLS 
A.  V,  Kirsanov  and  Z.  D.  Nekrasova 


It  was  recently  found  that  the  halogen  atoms  in  trichlorphosphazosulfonaryls  are  easily  replaced  by  hydro¬ 
xyls,  amino  groups  [1],  alkoxy  groups  and  aryloxy  groups  [2],  In  the  present  work  we  show  that  the  halogen  atoms 
of  trichlorphosphazosulfonaryls  can  be  readily  replaced  by  aryls  with  formation  of  the  very  little  studied  and  ex¬ 
tremely  interesting  triarylphosphazosulfonaryls  according  to  the  scheme: 

ArSOjN  =  PC1,+  3Ar*MgBr  -*■  ArSO^=  PAr’,+  3MgClBr.  , 

Elucidation  of  the  structure  of  the  triarylphosphazosulfonaryls  obtained  by  this  method  >iras  based  on  the  obset' 
vation  that  one  of  them,  trlphenylphosphazosulfon-p-tolyl,  was  identical  with  the  trif^enylphosphazosulfon-p-tolyl 
previously  [3]  prepared  from  triphenyl  phosphite  and  the  sodium  salt  of  the  chloramide  of  p-toluenesulfc*iic  acid 
according  to  the  scheme: 

p-CHjC6H4SC\NNaCl  +  PfCgHjOj  — ^  NaQ  +  p -CHjCgHiSOiN  =  P(C,Hs)j. 

This  affords  adequate  proof  of  its  structure  as  a  triarylphosphazosulfonaryl. 

EXPERIMENTAL 

To  0.15  mole  phenylmagnesium  bromide,  prepared  from  0.155  mole  bromobenzene  and  0.15  mole  mag¬ 
nesium  in  a  solution  of  100  ml  anhydrous  ether  in  an  atmosphere  of  dry  hydrogen  in  the  course  of  1  hour  at  room 
temperature  with  vigorous  mechanical  stirring  was  added  a  solution  of  0.035  molelrichlorphOsphazosulfon-p-tolyl 
in  400  ml  absolute  ether.  The  reaction  evolved  a  small  amount  of  heat  and  the  mixture  warmed  up  slightly  j  the 
reaction  product  gradually  came  down  from  solution  in  the  form  of  a  viscous  mass.  After  all  the  trichlorophos- 
phazosulfontoly^  solution  was  added,  the  reaction  mixture  was  boiled  under  reflux  on  a  water  bath  for  2  hours. 
Then  100  ml  saturat^  aqueous  ammonium  chloride  was  added  with  vigorous  stirring..  After  an  hour,  the  triphenyl- 
phosphazosulfon-p-tolyl  that  came  down  was  suction-filtered  off  (not  separating,  the  layers)  and  washed  with 
ether  (3x15  ml),  and  water  C3xl5.ml).  Yield  12.6  g.  Upon  concentration  of  the  ethereal  solution.  2.0  g  more  of 
less  pure  product  was  isolated.  Total  yield  14.6  g  (96.7%).  After  two  recrystallizations  from  alcohol,  triphenyl - 
phosphazosulfon-p-tolyl  was  obtained  in  the  form  of  colorless  fine  prisms,  m.p.  185-187*. 

Found  %:  N  3.33,Ct5HjBQtNSP.  Calculated  %:  N  3.22. 

A  mixed  sample  of  the  thus-prepared  triphenylphosphazosulfon-p-tolyl  with  the  product;  prepared  from 
triphenylphosphine  and  sodium  p-toluenesulfonchloroamide  [31.  gave  no  melting  point  depression. 

The  following  substances  were  obtained  under  these  conditions:'  trij^enylphosphazosulfonphenyl,  yield 
90.0%, crystallized  from  benzene,  fine  prisms,  m.p.  157-158*. 

Found  %:  N  3.55.  Ca%OiNSP.  Calculated  %:  N  3.35. 

Triphenylphosphazo8ulf<xi-o-tolyl,  yield  74.0%,  crystallized  from  a  mixture  erf  benzene  and  carbon  tet¬ 
rachloride  (1:1),  prisms,  m.p.  162-163.5*. 
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Found  "fr;  N  3.25.Ci5H,0,NSP.  Calculated  N  3.22. 

Triphenylphosphazosulfon-jgi-nai^thyl.  yield  50.0%,  crystallized  from  alcohol,  flat  needles,  m.p.  200-202*. 

Found  %:  N  3.00.  Cjil^OsNSP.  Calculated  %:  N  2.99. 

Triphenylphosphazosulfon-6-naphthyl,  yield  70.0%, crystallized  from  alcohol,  fine  prisms,  m.p.  162-164*. 

Found  %-  N  2.95.  C,,HjttOjNSP.  Calculated  %:  N  2.99. 

The  triphenylphosphazosulfonaryls  were  neutral,  colorless,  crystalline  compounds,  odorless,  readily  soluble 
at  room  temperature  in  chloroform,  acetone,  dichloroethane,  soluble  with  heating  in  benzene,  methyl  and  ethyl 
alcohols,  insoluble  in  carbon  tetrachloride  and  petroleum  ether.  The  triphenylphosphazosulfonaryls  were  stable 
to  the  action  of  oxidizing  agents  and  hydrolyzed  with  great  difficulty  upon  boiling  with  aqueous  solutions  of 
acids  or  alkalis. 


SUMMARY 

1.  Reaction  of  phenyl  magnesium  bromide  with  trichlorphosphazosulfonaryls  gives  triphenylphosphazosuf 
fondryls. 

2.  Some  triphenylj^osphazosulfonaryls  are  prepared  and  their  properties  are  described. 
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di-acid  chlorides  of  acylamido phosphoric  acids 


OF  THE  AROMATIC  SERIES 
A.  V.  Kirsanov  and  R.  G.  Makirta 


Under  the  action  of  the  equivalent  amount  of  water  ,  or,  better, of  anhydrous  formic  acid,  the  trichlorophos- 
phazosulfonaryls.  are  easily  transformed  into  the  corresponding  arylsulfonamidophosphoric  acids{l].  The  reaction 
of  trichlorophosphazoacyls  [2]  goes  in  exactly  the  same  manner  with  water  or  with  formic  acid,  v/ith  formation 
of  the  di-acid  chlorides  of  the  acylamidophosphoric  acids  according  to  the  scheme: 

ArCON=  PClj  +  HCOOH  — CO  +  HCl  +  ArCONHPOClj. 

The  reaction  is  general  in  character  and  goes  with  facility  and  with  very  good  yields.  The  di-acid  chlorides 
of  acylamidophosjrfioric  acids  are  crystalline,  colorless  or  light-yellow  substances,  considerably  more  resistant  to 
hydrolysis  than  the  corresponding  trichlorophosphazoacyls.  Thus,  for  instance,  they  can  be  kept  for  dozens  of  hours 
in  the  air  under  normal  conditions  without  appreciable  decomposition.  When  heated  above  the  melting  point,  the 
di-acid  chlorides  of  acylamidophosphoric  acids  easily  and  nearly  quantitatively  break  down  to  the  corresponding 
nitriles,  meta phosphoric  acid, phosphorus  oxychloride  and  hydrochloric  acid, according  to  the  scheme: 

2ArCONHPOCl2  —  2ArCN  +  HPO3  f  POClj  +  HCl. 

The  di-acid  chlorides  of  acylamidophosphoric  acids  described  in  this  paper  are  readily  soluble  in  acetone 
and  rather  less  soluble  in  ether  and  alcohol, with  which  they  slowly  react.  They  crystallize  nicely  from  benzene; 
they  are  insoluble  in  carbon  tetrachloride  and  ligroine.  The  melting  points  of  the  di-acid  chlorides  of  acylam¬ 
idophosphoric  acids  are  higher  than  the  melting  points  of  the  corresponding  trichlorophosphazoacyls.  Liquid  tri¬ 
chlorophosphazoacyls  [2]  give  crystalline  dichlorides;  the  di-acid  chlorides  of  acylamidophosphoric  acids  can 
accordingly  be  successfully  used  for  identification  of  trichlorophosphazoacyls. 

The  di-acid  chlorides  of  acylamidophosphoric  acids  readily  enter  into  reaction  with  substances  containing 
active  hydrogen  atoms  or  metal  atoms.  The  products  are  the  corresponding  derivatives  of  the  acylamidophosphoric 
acids.  Thus,  for  example,  with  sodium  alcoholates  and  phenolates  they  give  di esters  of  acylamidophosphoric 
acids,  with  amines  they  give  the  diamides  of  acylamidophosphoric  acids,  etc. 

EXPERIMENTAL 

The  transformation  of  trichlorophosphazoacyls  to  acylamidophosphoric  acid  dichlorides  proceeds  when 
finely  rubbed  trichlorophosphazo  compounds  are  kept  for  a  long  period  in  a  thin  layer  in  the  air  under  standard 
conditions.  The  transformation  goes  more  rapidly  with  better  yields  if  the  trichlorophosphazoacyls  are  kept  in  a 
desiccator  over  pulverized  caustic  potash  or  caustic  soda.  In  this  case  the  quantity  of  water  is  automatically  reg¬ 
ulated  due  to  the  reaction  of  hydrogen  chloride  with  caustic  alkalis.  A  calculated  amount  of  water  may  also  be 
added  to  the  benzene  solution  with  vigorous  stirring.  However,  the  best  results  are  obtained  upon  formolysis  of 
trichlorophosphazoacyls  in  benzene  solution. 

General  method  of  preparation  of  aromatic  acylamidophosphoric  acid  dichlorides..  To  a  solution  of  0.01 
mole  trichlorphosphazoacyl  in  10-15  ml  dry  benzene  (if  necessary,  slightly  heated)  was  slowly  added  drop- wise 
0.01  mole  anhydrous  formic  acid.  A  vigorous  reaction  immediately  started  and  the  mixtuiie  warmed  up  and 
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carbon  monoxide  and  hydrogen  chloride  were  evolved.  Soon,  sometimes  after  cooling,  the  acid  dichloride  starts 
to  come  down.  The  product  is  separated,  washed  with  benzene  and,  when  necessary,  recrystallized  from  benzene. 
Yields  were  from  66  to  98%  depending  on  the  solubility  of  the  acid  dichloride  in  benzene.  When  the  substance 
was  separated  from  the  mother  liquor,  the  yields  in  all  cases  were  at  least  90-95%. 

In  this  manner  the  following  substances  were  obtained. 

Benzoylamidophosphoric  acid  dichloride, yield  81.8%;  using  the  mother  solution^92.5%sm.p.  95-96*.  This 
substance  was  obtained  by  Titherley  and  E.  Worrel  [3]  by  the  action  of  phosphorus  pentachloride  and  water  on 
benzamide  without  separation  of  the  intermediate  product  (trichlorophosphazobenzoyl).  Titherley  and  Worrel 
report  that  benzoylamidophosphoric  acid  dichloride  upon  "rapid"  heating  melted  with  decomposition  at  115*. 

In  reality,  upon  very  rapid  heating,  the  melting  point  of  benzoylamidophosphoric  acid  dichloride  depends  on  the 
rate  of  heating  and  varies  in  the  interval  96-114’  but  upon  heating  at  the  rate  of  1-3*  per  minute,  the  substance 
melts  sharply  at  95-96*. 

Found:  equiv.  •  4.00.  4.06  (phenolphthaleinl;  3.01.  2.97  (methyl  orange).  CyHeOjNPClj.  Calculated  : 

equiv.  4.00  (phenolphthalein);  3.00  (methyl  orange). 

o-Nitrobenzoylamidophosphoric  acid  dichloride,  light -yellow  prisms,  yield  92.9%, m.p.  117-118*. 

Found%:  Cl  25.36  ,  25.07;  equiv.  3.96  ,  3.96.f  •C7H5O4N2PCI2.  Calculated %:  Cl  25.05;  equiv.  4.00. 

m-Nitrobenzoylamidophosphoric  acid  dichloride,  light-yellow  acicular  crystals,  yield  98.2%,  m.p.  121-122*. 

Found  %;  Cl  24.92;  equiv.  4.02,  3.98.  C7H^4N2PCl2.  Calculated  %:  Cl  25.05;  equiv.  4.00., 

p-Nitrobenzoylamidophosphoric  acid  dichloride,  light -yellow  needles,  yield  73.2%,  m.p.  130-131*. 

Found  %:C1  24.96,  24,99;  equiv.  4.04,  4.07.  C7HSO4N2PCI2.  Calculated  %:  Cl  25.05;  equiv.  4.00. 

2.4-  Dinitrobenzoylamidophosphoric  acid  dichloride,  yellow  plate- like  crystals,  yield  94.0%,  m.p,  102-104*. 

Found  %:  Cl  21.51,  21.53.  C7HP8NJPCI2.  Calculated  %:  Cl  21.60. 

3.5-  Dinitrobenzoylamidophosphoric  acid  dichloride,  light-yellow  needles,  yield  91,4%,  m.p.  167-168*. 

Found  %:  Cl  21.47,  21.65;  equiv.  2,96,  3.00  (methyl  orahgq).  C7H4O5NSPCI2.- Calculated  %:  Cl  21.60; . 
equiv'.  3.00  (methyl  orange). 

2-Chloro-4-nitrobenzoylamidophosphoric  acid  dichloride,  light-yellow  prisms,  yield  66.2%,  m.p.  121-122*. 

Found  %:  Cl  (hydrolyzed)  22.41,  22.40;. equiv.  3.91,  3197.  C7H^4N2PCls,  Calculated%:  Cl  (hydrolyzed) 
22.33;  equiv.  4.00. 

o-Chlorobenzoylamidophosphoric  acid  dichloride.  colorless  prisms,  yield  85,3%,  m.p.  92-93*. 

Found  Cl  (hydrolyzed)  25.89  ,  25.79;  equiv.  3.96,  4.03.  C7H5O2NPCI2.  Calculated Cl  (hydrolyzed) 
26.10;  equiv.  4.00. 

p-Chlorobenzoylamidophosphoric  acid  dichloride,  colorless  needles,  yield  81.1%  m.p.  106-107*. 

Found  %;  Cl  (hydrolyzed)  26.28,  26,10;  P  11.10;  equiv.  4.03,  4,08.  C7H^2NPCl8.  Calculated  %:  Cl  (hydro¬ 
lyzed)  26.02;  P  11.29;  equiv.  4.00. 


•Equiv.  =  equivalent  after  hydrolysis. 

••  In  all  cases,  except  when  stated  otherwise,  the  indicator  was  phenolphthalein. 
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2,4-Dichlorobenzoylaiiiidophosphoric  acid  dichloride,  colorless  fine  crystals, yeUd  81,4(4.,  m.p.  106rl07*. 

Found Cl  (hydrolyzed)  23.11,  23.10;  equiv.  4.00,  4,05.  C7H4PJNPCI4.  Calculated  *4;  Cl  (hydrolyzed) 
22.96;equiv.  4.00. 

Thermal  decomposition  of  benzoylamidophosphoric  acid  dichloride.  47.6  g  (0.2  moie)  benzoylamidophos- 
phoric  acid  dichloride  was  heated  on  an  oil  bath  at  150*  under  reflux  for  1  hour.  The  hydrogen  chloride  was 
blown  off  with  dry  carbon  dioxide  and  absorbed  by  alkali  solution.  The  mixture  was  then  fractionated  with  a 
Vigreux  column  (300  mm)  at  15  mm.  Yield;  hydrogen  chloride  0.0956  equiv.  (95.6«t),  phosphorus  oxychloride 
13.3  g  (86.94)  and  benzonitrile  18.9  g  (90.0^,.). 


SUMMARY 

Reaction  of  the  equivalent  amount  of  water  or>better,of  formic  acid,  with  trichlorophosphazoacyls  of  the 
aromatic  series  gives  the  di-acid  chlorides  of  acylamidophosphoric  acids.  Their  properties  are  described. 
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THE  REACTION  OF  PHOSPHORUS  PENT  A  C  H  LO  RI DE  WITH  CARBOXYLIC 
ACID  AMIDES.  T RICH  LO ROPHO S PHA ZO  AC  YLS 

A.  V.  Kirsanov  and  R.  G.  Makirta 


The  following  scheme  was  proposed  by  Gerhardt  in  1858  [1]  for  the  reaction  of  phosphorus  pentachloride 
with  carboxylic  acid  amides; 

RCONHg-^PCls  RCClaNHaH-POClg, 

RCCI2NH2  ^  HCl  -I-  RCCI=NH  HCI  RCN. 

This  reaction  was  studied  in  1877  by  Wallach  [2]  who  unreservedly  accepted  Gerhardt 's  scheme  although 
somedfhisown  experimental  data  could  not  be  satisfactorily  explained  by  Gerhardt 's  scheme  [3],  Subsequently  a 
number  of  workers  occupied  themselves  with  a  study  of  the  reaction  of  phosphorus  pentachloride  with  carboxylic 
acid  amides  [4].  None  of  them,  including  Wallach,  succeeded  in  isolating  a  single  amide-chloride  of  the  type 
of  RCCI2NH2  in  the  pure  state.  In  spite  of  this,  the  Wallach- Gerhardt  scheme  has  been  generally  accepted  down 
to  the  present  day  and  is  cited  as  fully  proven  in  all  handbooks,  textbooks  and  manuals  of  organic  chemistry. 

Experimental  data  conflicting  with  the  Wallach- Gerhardt  scheme  [5]  was  recently  obtained;  a  detailed  study 
has  therefore  been  instituted  of  the  reaction  of  phosphorus  {)entachloride  with  carboxylic  acid  amides. 

Amides  of  some  aromatic  carboxylic  acids  were  selected  as  the  simplest  objects  of  investigation:  amides 
of  benzoic,  o-m-  and  p-nitrobenzoic,  2,4  and  3,5-dinitrobenzoic,  2-chloro-4-nitrobenz6ic,o-and  p-chlotoben- 
zoic,  2,4-dichlorobenzoic  and  p-bromobenzoic  acids.  Under  the  action  of  phosphorus  pentachloride  all  these 
acids  give  nearly  quantitative  yields  of  the  corresponding  trichlorophosphazoacyls  according  to  the  scheme; 

ArCONH2  +  PCI5  —  2HC1  +  ArCON  =  PClj. 

An  especially  close  study  was  made  of  the  reaction  with  benzoic  acid,  and  it  was  found  that  substantially 
no  phosphorus  oxychloride  is  formed;  the  yields  of  hydrochloric  acid  and  crude  trichlorophosphazobenzoyl  are 
close  to  the  theoretical,  and  the  melting  point  of  the  crude  trichlorophosphazobenzoyl  (58*  last  crystal)  differs 
from  that  of  the  perfectly  pufe  tecrystallized  product  by  only  3*  (60-61*),  which  confirms  the  relatively  high 
purity  of  the  "crude  "  trichlorophosphazobenzoyl  and  in  turn  the  nearly  quantitative  yield  of  the  latter.  Amide- 
chlorides  of  the  type  of  ArCCl2NF^  are  not  formed  in  the  reaction. 

The  study  of  the  reaction  with  amides  of  the  other  acids  (see  above)  confirmed  the  results  obtained  with 
benzamide. 

Consequently  it  can  be  considered  fuUy  proven  that  the  reaction  of  phosphorus  pentachloride  with  unsub¬ 
stituted  amides  of  aromatic  carboxylic  acids  does  not  go  according  to  the  Wallach- Gerhardt  scheme  but  in  the 
same  manner  as  for  amides  of  sulfuric  acid,  sulfonic  acid  amides,  carbonic  acid  amides  and  esters  of  oxamic 
acid  [5],  i.e.  with  formation  of  the  corresponding  trichlorophosphazo  comjxjunds. 

The  trichlorophosi)hazoacyls  of  the  aromatic  series  are  low-melting  crystalline  or  liquid  substances, as  a.  rule 
readily  soluble  in  benzene,  difficultly  soluble  in  ligroine,  crystallizing  nicely  from  ligroine  or  carbon  tetrachlor¬ 
ide.  As  far  as  can  bejudgedfrom  the  still  small  amount  of  exp)erimental  material,  ortho -substituted  trichlo¬ 
rophosphazoacyls  of  the  aromatic  series  are  liquids.  Trichlorophosphazoacyls  are  remarkably  reactive;  when 
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heated  to  100-140*  they  easily  split  off  phosplionis  oxychloride  and  give  the  corresponding  nitriles.  This  reaction 
also  goes  at  room  temperature  under  the  catalytic  action  of  hydrochloric  acid;  it  is  therefore  necessary  to  conduct 
the  synthesis  of  trichlorophosphazo.icyls  rapidly  under  conditions  ensuring  the  quickest  and  most  complete  remov¬ 
al  of  hydrochloric  acid.  In  the  absence  of  hydrochloric  acid  and  of  moisture,  trichlorophosphazoacyls  can  be  stored 
unaltered  at  room  temperature  for  at  least  several  months.  They  are  best  stored  in  a  vacuum  desiccator  over  phos¬ 
phorus  pentoxide  and  pulverized  piHassium  hydroxide.  Trichlorophosphazoacyls  rapidly  hydrolyze  when  kept  over 
sulfuric  acid  or  potassium  hydroxide  without  ph  sphorus  pent  xide  because  they  "dry"  the  acid  or  the  alkali. 

This  behavior  is  indeed  one  of  the  causes  of  the  failure  of  Wallach's  experiments  on  isolation  of  the  products 
of  interaction  of  phosphorus  oxychloride  with  carboxylic  acid  amides.  Wallach  "dried"  and  stored  all  his  prepara¬ 
tions  in  desiccators  over  soda  lime,  and  sometimes  he  pressed  them  with  filter  paper  or  "dried"  them  on  porous 
porcelain  plate  over  soda  lime  [2].  These  methods  of  working  and  of  storing  were  completely  unsuitable  for 
trichlorophosphazo  compounds  since  the  latter  are  easily  hydrolyzed  by  the  action  of  water  vapor  from  the  soda 
lime,  so  that  hydrochloric  acid  is  released  .which  by  reaction  with  the  alkali  of  the  soda  lime  liberates  more  water; 
this  results  in  further  hydrolysis  of  the  trichlorophosphazo  compound,  and  the  process  continues  until  the  product 
is  completely  decomposed  or  until  all  the  alkali  has  been  consumed. 

Trichlorophosphazoacyls  readily  react  with  water  or  with  formic  acid  with  formation  of  the  di-acid  chlo¬ 
rides  of  acylamidophosphoric  acids  according  to  the  scheme; 

ArC0N=:PCl.i-f-H20  -*■  HCl -+-ArCONHPOCl2, 

ArCON=PCl3  HCOOH  HCI  CO  ArCONHPOCli. 

Further  hydrolysis  takes  place  appreciably  more  slowly. 

Trichlorophosphazoacyls  react  violently  with  ammonia,  amines,  alcohols,  alcoholates,  phenols  and  other 
substances  containing  active  hydrogen  atoms  or  metals,  with  formation  of  the  corresponding  compounds;  con¬ 
sequently  they  can  serve  as  starting  materials  for  the  preparation  of  a  multitude  of  diverse  derivatives  of  phosphoric 
acid  of  new  types. 


EXPERIMENTAL 

Reaction  of  phosphorus  pentachloride  with  benzamide.  A.  Quantitative  experiment.  24.2  g  dry  ground 
benzamide  was  mixed  with  41.7  g  ground  phosphorus  pentachloride  and  40  ml  dry  carbon  tetrachloride  in  a  0.5 
liter  two-necked  flask.  One  neck  was  connected  to  the  source  of  dry  carbon  dioxide  and  the  other  neck  was  fit¬ 
ted  to  the  reflux  condenser,  the  upper  end  of  which  was  connected  in  sequence  to  small  bubble  counter  with  sev¬ 
eral  drops  of  sulfuric  acid  and  with  a  hydrogen  chloride  absorber  containing  0.5  liter  water.  A  weak  stream  of 
carbon  dioxide  (1  bubble  per  second)  was  passed  and  the  flask  was  placed  in  a  water  bath,  heated  to  70*,  with 
constant  manual  stirring.  A  vigorous  reaction  soon  began  and  hydrogen  chloride  evolved  vigorously;  evolution 
was  almost  at  a  halt  within  7-8  minutes.  The  reaction  was  accompanied  by  considerable  absorption  of  heat. 

After  the  vigorous  reaction  was  complete,  the  rate  of  carbon  dioxide  passage  was  somewhat  speeded  up  and  heat¬ 
ing  to  70*  was  continued  for  15  minutes  more  until  hydrogen  chloride  had  been  completely  displaced  from  the 
flask.  The  apparatus  was  then  dismantled,  the  reflux  condenser  was  replaced  by  a  direct  condenser  and  carbon 
tetrachloride  was  driven  off  in  vacuum  at  30-40*.  To  remove  the  last  traces  of  hydrogen  chloride  and  carbon 
tetrachloride  the  residue  in  the  flask  was  heated  to  60*  under  a  vacuum  of  10  mm  for  10-15  minutes.  Thus, 
"crude"  trichlorophosphazobenzoyl  was  obtained  which  usually,  upon  cooling,  set  into  a  solid  crystalline  mass 
with  m.p.  58*  (the  thermometer  bulb  in  the  liquid,  last  crystal)!  Yield  50.0  g  (97.5'%). 

For  purification  the  substance  was  dissolved  in  50  ml  boiling  petroleum  ether  (b.p.  85-95*)  and  the  turbid 
solution  was  filtered  through  a  folded  filter,  which  was  previously  dried  in  a  desiccator  over  phosphorus  pentoxide. 
Upon  cooling  (15*),  coarse, well-formed/:olor less  prisms  slowly  came  down  which.after  several  hours,  were  sep¬ 
arated,  washed  with  petroleum  ether  (three  10-ml  portions)  and  dried  in  vacuum  (2  mm).  Yield  34.  7  g  (67.7%), 
m.p.  60-61*. 

Upon  cooling  the  mother  liquor  to  0*,  5.4  g  more  completely  pure  substance  came  dovm.  Thus,  the  total 
yield  of  recrystallized  trichlorophosphazobenzoyl  was  40.1  g  (78.1'%).  Upon  concentration,  6-7  g  more  of  less 
pure  product  was  isolated  from  the  mother  liquor.  All  operations  had  to  be  carried  out  in  such  a  manner  that 
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the  substance  and  its  solutions,  if  possible,  were  protected  from  atmospheric  moisture. 

The  yield  of  hydrogen  chloride  was  determined  by  titration  and  was  93-97a7o  of  the  theoretical. 

B.  Preparation  of  trichlorophosphazobenzoyl  was  most  conveniently  carried  out  in  a  round- bottomed  flask, 
covered  by  reflux  condenser,  the  upper  end  of  which  was  connected  to  a  Tishchenko  bottle  with  sulfuric  acid. 

The  hydrogen  chloride  was  carried  off  in  a  draft.  The  synthesis  and  purification  of  the  substance  were  carried 
out  as  in  the  quantitative  experiment. 

When  the  reaction  was  carried  out  at  lower  temperatures  and  for  longer  periods  of  time  or  when  the  react¬ 
ion  mixture  was  left  to  stand  until  the  solvent  was  driven  off  in  vacuum,  the  yields  were  sharply  reduced  and  even  • 
fell  to  zero,  which  is  due  to  the  action  of  hydrogen  chloride  which  catalyzes  the  cleavage  of  trichlorophospha- 
zoacyls  to  phosphorus  oxychloride  and  nitriles. 

Trichlorophosphazobenzoyl  was  a  colorless  crystalline  substance,  readily  soluble  in  carbon  tetrachloride, 
benzene,  dioxane,  relatively  difficultly  soluble  in  cold  petroleum  ether. 

Found Cl  41.30,  41.20;  N  5.42,  5.38;  P  12.16,  12.21;  equiv.  acid  after  hydrolysis  (phenolphthalein) 

4.97,  4,96.  M  (in  benzene)  265.6,  269.2.  C7HSONPCI3.  Calculated'^.;  Cl  41.49;  N  5.46;  P  12.10  equiv.  acid 
after  hydrolysis  5.00.M  256.4. 

Action  of  hydrogen  chloride  and  phosphorus  pentachloride  on  trichlorophosphazobenzoyl.  In  three  50  ml 
round-bottomed  flasks  with  ground  ends  was  placed  10  ml  dry  carbon  tetrachloride  (in  each)  and  12.8  g  trich¬ 
lorophosphazobenzoyl  (in  each)  with  m.p,  60*  (last  crystal,  thermometer  bulb  in  liquid).  Then  in  the  course  of 
15  minutes  into  the  first  flask  was  introduced  dry  hydrogen  chloride  with  continual  manual  stirring  and  then  the 
flask  was  closed  by  a  ground  stopper  and  set  aside  at  room  temperature  (20-23").  To  the  second  flask  was  added 
0.6  g  carefully  ground  phosphorus  pentachloride  and  the  third  flask  was  used  as  the  control.  After  24  hours,  carbon 
tetrachloride  and  phosphorus  oxychloride  were  driven  off  from  all  three  flasks  in  vacuum  at  40"  and  10  mm  (15 
minutes)  into  receivers  cooled  to  -70*  (at  10  mm  benzonitrile  boils  at  69.2*,  phosphorus  oxychloride  at  2*  and 
carbon  tetrachloride  at  -19").  After  disconnecting  the  receiver,  the  second  flask  was  submerged  in  a  bath  up  to 
the  upper  edge  of  the  neck  and  heated  for  an  additional  20  minutes  at  80*  and  2  mm  in  order  to  sublime  the 
phosphorus  pentachloride  into  the  outlet  tube.  The  contents  of  control  flask  No.  3  immediately  crystallized  com¬ 
pletely  upon  cooling  and  seeding.  The  weight  loss  was  0.13  g  (1.69'^.,  based  on  phosphorus  oxychloride),  m.p. 

59*  (thermometer  hulb  in  liquid,  last  crystal).  Contents  of  second  flask  with  phosphorus  pentachloride  also 
crystallized  immediately  and  completely.  The  weight  loss  was  0.32  g  (2.50^^,  based  on  j^osphorus  oxychloride 
and  benzonitrile),  m.p.  58*.  The  contents  of  the  first  flask  (hydrogen  chloride)  lost  6.1  g  in  weight  (79.©^.  based 
on  phosphorus  oxychloride)  and  was  a  colorless  transparent  liquid  with  a  strong  benzonitrile  odor;  it  did  not  crystal¬ 
lize  upon  cooling  to  -20*  even  when  seeded.  After  being  driven  off  in  vaccum  (1  mm,  bath  60*)  and  subsequent 
distillation,  we  obtained  2.5  g  (48.5'yo)  benzonitrile  with  b.p.  27-29*  (1  mm). 

The  phosphorus  oxychloride  found  in  the  distillates  was  hydrolyzed  and  the  hydrochloric  and  phosphoric 
acids  which  formed  were  titrated.  Thus,  in  the  first  distillate  we  found  6.37  g  (83.0'V(',or  104.2%  based  on  weight 
loss)  phosphorus  oxychloride  and  in  the  second  distillate  we  found  0,04  g  (0.52%,  or  20.8%  based  on  the  weight 
loss)  and  in  the  third  distillate  0.02  g  (0.26%  ,(m-  15.4%  based  on  weight  loss). 

The  high  melting  points  (58  and  59")  of  the  products  in  the  second  and  third  flasks  and  the  large  divergences 
between  the  determinations  of  the  quantity  of  phosphorus  oxychloride  by  weight  loss  and  by  titration(2.50  and 
0.52%;  1.69  and  0.26%)  shows  that  the  weight  loss  in  the  above  flasks  is  caused  chiefly  by  mechanical  losses  (per¬ 
haps  by  sublimation  of  the  phosphazo  compound)  and  not  by  cleavage  of  trichlorophosphazobenzoyl  to  phosphorus 
oxychloride  and  benzonitrile. 

The  products  in  the  second  and  third  flasks  were  dissolved  in  5  ml  carbon  tetrachloride  and  treated  with 
hydrogen  chloride  as  described  above.  After  24  hours,  the  carbon  tetrachloride  and  phosphorus  oxychloride  were 
driven  off.  The  weight  losses  corresponded  to  a  cleavage  of  86,8  and  92.3%. 

Thus,  it  may  be  concluded  that  at  room  temperature  hydrogen  chloride  greatly  accelerates  the  cleavage 
of  trichloro{rfiosphazobenzoyl  to  phosphorus  oxychloride  and  benzonitrile. 

Thermal  cleavage  of  trichlOTophosphazobenzoyl.  25.6  g  trichlorophosphazobenzoyl  was  slowly  heated  on 
a  bare  flame  in  a  round- bottomed  flask  fitted  with  a  thermometer,  the  bulb  of  which  is  immersed  in  the  fused 
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substance.  Decomposition  began  i't  135-136*.  The  heat  source  was  immediately  removed.  The  temperature  of 
the  liquid  rapidly  rose  to  160*  due  ro  the  heat  of  reaction  and  then  began  to  fall.  The  reaction  mixture  was 
fractionated  with  a  small  column.  Yield  9.1  g  benzonitrile  (88.2>/o)  with  b.p.  188-192’  and  10.9  g  phosphorus 
oxychloride  (70.8'^). 

General  method  of  preparation  of  aromatic  trichlorof^iosphazpacyls.  In  a  round- bottomed  flask  fitted 
with  reflux  condenser  was  mixed  equimolar  quantities  of  pulverized  phosphorus  pentachloride  and  dried  ground 
acid  amide  and  to  this  was  added  5-60  ml  dry  carbon  tetrachloride  per  each  0.01  mole  of  reagents.  Dry  benzene 
may  also  be  used  as  a  solvent  for  the  reaction  with  p-nitrobenzamide  and  3,5-dinitrobenzami(le.  After  mixing 
the  reagents  and  the  solvent,  the  flask  was  immediately  placed  in  a  water  bath,  previously  heated  to  60-75*.  A 
vigorous  reaction  immediately  began  which  was  complete  after  15-20  minutes.' 

The  resulting  solution,  if  necessary,  was  filtered  and  the  solvent  was  driven  off  in  vacuum  at  60*.  The 
residue  consisted  of  "crude"  trichlorophosphazo  compounds.  The  yields  approached  the  theoretical.  For  purifica¬ 
tion,  the  trichlorophosphazoacyls  were  recrystallized  and  the  liquids  were  directly  analyzed. 

When  thetrichlorophosphazoacyl  was  rather  difficultly  soluble  in  cold  carbon  tetrachloride  (or  benzene); 
after  the  reaction,  the  solution  was  filtered,  set  aside  for  crystallization  and  then  the  precipitated  product  was 
separated  off. 

In  the  list  of  prepared  trichlorophosphazoacyls  after  the  name  we  find  the  quantities  of  solvent  for  the  re¬ 
action  per  0,01  mole  .the  quantity  of  solvent  for  recrystallization  per  0.01  mole,  yields  of  recrystallized  substances 
(for  crystalline  compounds)  or  the  yields  of  "crude"  substances  (for  liquid  compounds),  crystalline  form  and 
color,  melting  point  and  decomposition  point.  All  the  prepared  trichlorophosphazoacyls  were  readily  soluble  in 
benzene,  somewhat  more  difficultly  soluble  in  carbon  tetrachloride,  sparingly  or  insoluble  in  petroleum  ether. 

In  the  analytical  data  equiv.  means  equivalent  of  acid  after  hydrolysis  (phenolphthalein).  The  chlorine  content 
is  given  in  all  cases  as  the  hydrolyzed  only. 

Trichlorophosphazobenzoyl,  see  above. 

Trichlorophosphazo-o-nitrobenzoyl,.CCl4  5  ml;  did  not  crystallize;  lOO.S^o;  light-yellow  liquid,  decompos¬ 
ition  temperature  115-120*. 

Found  Cl  34.86,  34.97.  Equiv.  5.05,  5.03.  C7H4N2PCI3.  Calculated 'Vr:  Cl  35.28.  Equiv.  5.00  . 

Trichlorophosj^azo-m-nitrobenzoyl,  CCI4  5  ml;  CCI4  5  ml;  72.0^r:  light-yellow  needles,  m.p.  103-105'; 
decomposition  temperature  125-130". 

Found “7^:  Cl  35.45,  35.13;  P  9.98,  10.10.  Equiv.  4.92,  4.98.  CtHPjNjPCIs.  Calculated'’/,-  Cl  35.28;  P  10.29. 
Equiv.  5.00. 

Trichlorophosphazo- p-nitrobenzoyl,  CCI4  20  ml;  CCI4  20  ml;  83.0'y,-;  light- yellow  needles,  m.p.  121-123*; 
decomposition  temperature  125-130*. 

Found  Cl  35.14,  35.45;  P  10.03,  10.34.  Equiv.  5.01,  5.01.  C7H4OSN2PCIJ.  Calculated  Cl  35.28;  P 
10.29.  Equiv.  5.00. 

Trichlorophosphazo- 2,4- dinitrobenzoyl,  CgHg  7  ml;  did  not  crystallize;  100. 2^/^ ;  light -.yellow  liquid. 

Found  o/r;  Cl  30.70,  30.73.  CyHsOsNsPCla-  Calculated  Cl  30.69. 

Trichlorophosphazo- 3,5- dinitrobenzoyl,  CCI4  50  ml  or  CgHj  25  ml;  CCI4  50  ml  or  CgHg  25  ml;  89.6  or 
SS.dPfr;  light-yellow  needles,  m.p.  125-126*;  decomposition  temperature  135-140*. 

Found  Cl  30.61,  30.56;  P  8.97,  9.00.Equiv.  5.04,  5.03.  C7HJO5N3PCIJ.  Calculated -Vo:  Cl  30.69;  P 
8.96.  Equiv.  5.00. 

Trichlorophosphazo- 2- chloro- 4- nitrobenzoyl,  CCI4  5  ml;  did  not  crystallize;  98.Tyo;light-yellow  liquid, 
decomposition  temperature  100-105*. 

Foundio:  Cl  31.25  ,  31.52.Equiv..4.95,  5.01..C7H,O3N2PCl4.  Calcuiatedo/o;  Cl  31.68.  Equiv.  5.00. 

Trichlorophosphazo- o-chlorobenzoyl,  CCI4  10  ml,  did  not  crystallize;  93,9’/^ ;  light-yellow  liquid. 
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Found  Cl  36.39,  36.41.  Equiv.  4.96,  5.07.  C7HPNPCI4.  Calculated  <4.:  Cl  36.59.  Equiv.  5.00. 

Trichlorophosphazo-p-chlorobenzoyl,  CCI4  20  ml;  CCI4  20  ml  +  25  ml  petroleum  ether;  91.9>fr;  colorless 
needles,  m.p.  62-63*;  decomposition  temperature  105-110*. 

Found  0/0:  Cl  36.48,  36.56;  P  10.60,  10.52.  Equiv.  5.02,  5.05.  C7H^NPCl4.  Calculated Cl  36.59;  P  10.67. 
Equiv.  5.00. 

Trichlorophosphazo-2,4-dichlorobenzoyl,  CCI4  10  ml;  did  not  crystallize;  98.6<^r;light- yellow  liquid,  decom¬ 
position  temperature  120-125*. 

Found -yo:  Cl  32.60,  32.53.  Equiv.  4.99,  4.93.  C7HJONPCI5.  Calculated  Cl  32.70.  Equiv.  5.00. 

Trichlorophosphazo-p-bromobenzoyl,  CCI4  10  ml.;;  petroleum  ether  5  ml;  47.6^r  ;light- yellow  needles,  m.p. 
64-66*. 

Found  fl/o:  Cl  29.35  ,  29.62.  Equiv.  4.97,  5.64.  C7H40NPCljBr.  Calculated  "fr:  Cl  29.61.  Equiv.  5.00. 

Thermal  decomposition  of  trichlorophosphazoacyls.  In  a  test  tube  was  placed  about  0.005  mole  trichloropho- 
sphazoacyl,  the  thermometer  was  lowered  so  that  the  mercury  reservoir  was  located  in  the  substance  and  the  reaction 
mass  was  slowly  heated  on  a  small  flame.  As  soon  as  the  thermal  decomposition  began, as  was  indicated  by  boiling 
up  of  the  liquid,  the  external  heating  was  halted.  Upon  cooling,  the  reaction  mixture  was  treated  with  ice  water 
to  decompose  the  phosphorus  oxychloride, and  the  nitrile  which  came  down  was  separated  off,  washed  with  ice 
water  and  recrystallized.  The  known  nitriles  were  identified  by  melting  points  and  these  not  described  in  the  lit¬ 
erature  were  analyzed.  The  decomposition  temperatures  are  given  in  the  list  of  trichlorophosphazoacyls  (see 
above). 

Benzonitrile,  see  above. 

o-Nitrobenzonitrile,  79.5<^.  ,m.p.  108-109’  [6]. 

m-Nitrobenzonitrile,  91.0Yf„m.p.  114-116*  [7]. 

p-Nitrobenzonitrile,  96.0^0,  m.p.  146-147*  [8]. 

3,5-Dinitrobenzonitrile,  94.6^70  m.p.  129-130*,  light-yellow  needles,  crystallize  from  alcohol  or  from  a 
large  quantity  of  water. 

Found  N  21.70.  C7HJO4NS.  Calculated  N  21.76. 

2-Chloro-4-nitrobenzonitrile;  94.0%,  m.p.  80-81’  light-yellow  needles,  crystallize  from  alcohol  or  from 
a  large  quantity  of  water. 

Found  %:  N  15.27.  C7H3O2N2CI.  Calculated  <%;  N  15.35. 

p-Chlorobenzonitrile,  88.1<%,  m.p.  91-92”  [9]. 

2,4-Dichlorobenzonitrile,  90.0%,  m.p.  60-61*  [10]. 

Preparation  of  2,4-dichlorobenzamide.  2,4-dichlorobenzoyl  chloride  was  slowly  run  with  vigorous  stirring 
into  a  cooled  concentrated  aqueous  solution  of  ammonia.  The  amide  was  separated  off,  washed  with  water  and 
dried.  Yield  87.4<%.  After  recrystallization  from  water,  2,4-dichlorobenzamide  was  in  the  form  of  colorless 
needles  with  m.p.  181-182*. 

Found  %;  N  7.10.  C7H5ONCI2.  Calculated  <%:  N  7.04. 

SUMMARY 

1.  Amide- chlorides  and  phosphorus  oxychloride  are  not  formed  in  the  reaction  of  phosphorus  pentoxide 
with  unsubstituted  amides  of  aromatic  carboxylic  acid  amides;  consequently  Wallach’s  mechanism  of  this  react¬ 
ion  is  incorrect. 

2.  In  reality  trichlorophosphazoacyls  and  hydrochloric  acid  are  formed  in  nearly  quantitative  yields  in  the 
reaction  of  phosphorus  pentachloride  with  unsubstituted  aromatic  carboxylic  acid  amides. 

3.  Decomposition  of  trichlorophosphazoacyls  by  heating  gives  nitriles  and  phosphorus  oxychloride. 

4.  The  breakdown  of  trichlorophosphazoacyls  into  nitriles  and  phosphorus  oxychloride  is  catalyzed  by 
hydrochloric  acid. 
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a-NITROACETOPHENONE-o-CARBOXYLIC  ACID  AND  ITS  DERIVATIVES 

L.  P.  Zalukaev 


The  ability  of  some  aldehyde-  andketo-  acids  to  form  two  series  of  esters  has  been  repeatedly  described 
in  the  literature.  This  relates  in  particular  to  aromatic  ortho- aldehyde-  and  ketoacids:  phthalic,  o-benzoylbenzoic, 
o-benzylbenzoic,  o-aldehydophthalic,  opianic  and  others. 

These  acids  give  esters  derived  from  the  true  open  form  (0  and  from  the  pseudo  form,  the  lactone  (II): 


/\/COR 

^^COOR,, 
ft  -  form  ^  -form 

Of  the  esters  of  ortho- ketocarboxylic  acids,  the  most  thoroughly  studied  are  the  derivatives  of  o- benzoyl-  • 
benzoic  acid.  Its  methyl  and  ethyl  esters  are  obtained  in  the  qt-  and  tl*- forms. 

The  ft- methyl  ester  is  obtained  by  several  methods.  In  particular,  from  o-benzoylbenzoic  acid  and  diazo¬ 
methane  [1],  from  its  silver  salt  and  methyliodide  [2]  ,  from  the  free  acid  and  dimethyl  sulfate  [Ij^from  its 
anhydride  and  sodium  methoxide  [2],  by  treatment  of  the  normal  acid  chloride  with  methyl  alcohol  [2].  In  all 
cases  one  and  the  same  substance  with  m.p.  52*  is  formed.  Its  structure  was  later  verified  by  various  methods,  in 
particular  by  spectroscopic  examination.  The  -methyl  ester  is  obtained  from  2-benzoylbenzoic  acid  by  treat¬ 
ment  with  thionyl  chloride  followed  by  working  up  with  methanol  [5].  A  similar  result  is  obtained  with  phosphor¬ 
us  pentachloride.  The  pseudoester  melts  at  81*. 

Boiling  of  the  ester  with  m.p.  81*  in  methanol  in  presence  of  a  little  sulfuric  acid  or  thionyl  chloride  con¬ 
verts  it  into  the  open  a- form  with  m.p.  52’  [3]. 

Of  the  ortho- aldehyuocarboxylic  acids,  the  most  studied  have  been  the  esters  of  opianic  acid.  (Ill), 


OR, 


C-R 

rY\ 


CO 


0CH3 

(HI) 

which  likewise  exist  in  two  isomeric  forms.  The  a- methyl  ester  is  obtained  from  the  silver  salt  and  methyl  io¬ 
dide  [6],  by  the  action  of  diazomethane  on  the  acid  [7],  by  the  action  of  methanol  on  the  product  of  reaction  of 
the  acid,  with  phosphorus  pentachloride  [8].  In  all  cases  a  substance  with  m.p.  82-84*  is  formed  to  which  the  a- 
structure  is  assigned.  The  -methyl  ester  is  obtained  by  boiling  the  acid  with  methanol  [9].  M.p.  103-104*. 

The  reciprocal  transition  of  the  two  forms  of  the  ester  has  been  studied  by  Rodionov  and  Fedorov  [iQh 

We  have  published  a  paper  [11]  giving  preliminary  data  for  the  products  of  reaction  of  2-nitroindandiOne-- 
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1.3  with  methanol  and  ethanol.  The  reaction  went  smoothly  according  to  the  scheme 


I  I  CHN02-*-R0H  — 


COCHjNOa 

\:ooR 


and  led  respectively  to  the  methyl  ester  of  a-nitroacetophenone-o-carboxylic  acid  with  m.p.  108-109*  and  to  the 
ethyl  ester  with  m.p.  82-83*;  on  saponification  with  caustic  alkalies  these  in  turn  gave  good  yields  of  the  acid 
itself. 

Vanag  and  Gudrinietse  [12]  later  studied  the  reaction  of  2-nitroindandione-l,3  with  secondary  arcohols  but 
obtained  less  satisfactory  results. 

When  heated  in  an  alcoholic  medium,  2-nitroindan'dione-l,3  probably  hydrolyzes  to  a-nitroacetophenone- 
o-carboxylic  acid  under  the  catalytic  action  of  its  hydrogen  ions  •  ,  and  the  resultant  carboxylic  acid  is  esterified 
also  under  the  catalytic  action  of  the  hydrogen  ions. 

This  interpretation  of  the  mechanism  of  the  reaction  is  supported,  firstly,  by  the  fact  that  addition  of  a- 
nitroacetophenone-o-carboxylic  acid  to  the  mixture  of  nitrodiketone  and  alcohol  considerably  increases  the  yield 
of  ester,  the  total  amount  of  which  is  higher  than  the  theoretical  that  could  have  been  formed  from 2-nitroindan- 

dione-1,3  alone. 

Secondly,  the  difficulty  of  formation  of  esters  with  secondary  alcohols  is  consistent  with  the  ideas  about  the 
occurrence  of  an  esterification  reaction. 

In  the  present  investigation  we  aimed  at  establishing  the  structure  of  these  esters  since  two  formulas  (IV  ,V) 
can  be  proposed  for  them: 


^^COCHjNOa 

o;. 


:ooR 


(IV) 


OR 

I 

C-CHgNOa 

V 

o 


\/ 

(V) 


In  a  study  of  the  properties  of  the  methyl  ester  with  m.p.  108-109*,  it  was  converted  into  the  other  isomeric 
ester  by  the  action  of  a  mixture  of  glacial  acetic  acid  and  concentrated  nitric  acid.  The  isomeric  ester  melted 
at  115-116*,  gave  on  saponification  the  same  a- nitroacetophenone.-o- carboxylic  acid,  and  by  the  action  of  sodium 
methoxide  \^as  quantitatively  converted  into  the  original  ester  with  m.p.  108-109*. 

CHjCOOH,HNOs 

Ester  with  m.p.  108-109*»-  *  Ester  with  m.p.  115-116*. 

^  NaOCHj.CHjOH  ^ 

This  observation  prompted  a  search  for  the  other  ester  in  the  mother  liquors  from  recrystallization  of  the 
ester  with  m.p.  108-109*  obtained  from  2-nitroindandione-l,3, .  since  the  acid,  which  is  a  nitrodiketonje,  could  have 
partly  isomerized  the  low-melting  ester  to  the  high-melting  form. 

This  theory  was  confirmed.  Fractional  crystallization  enabled  isolation  oOa  considerable  quantity  of  the 
isomers  of  the  previously  described  methyl  and  ethyl  esters.  The  isomer  of  the  methyl  ester  with  m.p.  108-109* 
melted  as  before  at  115-116*;  the  ethyl  ester  with  m.p.  82-83*  had  m.p.  96*. 

We  studied  the  behavior  of  these  two  pairs  of  esters  towards  cold  5^0  sodium  bicarbonate  solution.  It  was 

*G.  Vanag  showed  that  2-nitroindandione-l,d  behaves  in  aqueous  solution  like  a  strong  acid  equal  in 
strength  and  properties  to  hydrochloric  acid  [13]. 
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found  that  both  of  the  low-melting  forms  slowly  dissolved  with  liberation  of  carbon  dioxide^  but  the  high-melting 
forms  were  completely  insoluble  under  these  conditions.  The  two  first  substances  were  recovered  unchanged  after 
acidification  ofsodium  bicarbonate  solutions  with  mineral  acids.  This  quite  decisively  solves  the  problem  of 
their  structure,  the  low-melting  esters  having  the  open  structure  (IV)  and  the  high-melting  esters  the  cyclic  struc¬ 
ture  (V). 

A  study  was  also  made  of  the  action  of  alcoholates  on  both  forms.  The  following  scheme  illustrates  the 
mutual  transitions  which  proceed  with  quantitative  yields. 


Consequently  the  alcoholates  act  by  cleaving  the  lactone  ring  of  the  pseudo  form. 

As  already  mentioned,  a-nitroacetophenone-o-carboxylic  acid  is  easily  obtained  in  good  yield  from  the 
esters.  Boiling  with  acetic  anhydride  leads  to  formation,  also  in  good  yield,  of  the  previously  difficultly  accessible 
nitromethylene  phthalide,  the  starting  substance  for  the  synthesis  of  isocoumarin  [14]. 

EXPERIMENTAL 

1.  Isomeric  methyl  esters  of  g-nltroacetophenone-  o- carboxylic  acid,  a)  Separation  of  esterj  by  means  of 
an  aqueous  solution  of  sodium  bicarbonate.  22.3  g  2-nitroindan,dahdione-l,3  was  covered  with  100  ml  methanol 
and  boiled  on  a  water  bath  for  4  hours.  After  cooling,  the  yellow  transparent  solution  was  poured  into  1  liter  of 
cold  water  and  set  aside  overnight.  When  dry,  the  crystalline  powder  weighed  15.5  g.  For  separation  of  the  is¬ 
omeric  esters  the  powder  was  vigorously  shaken  for  15  minutes  at  room  temperature  with  200  ml  5%  solution  of 
sodium  bicarbonate;  evolution  of  carbon  dioxide  gas  was  noted  and  a  portion  of  the  substance  slowly  passed  into 
solution  giving  it  a  weak  yellow- greenish  coIot.  The  precipitate  was  then  filtered  off,  again  treated  in  the  same 
way  with  bicarbonate  solution  and  again  filtered  off.  The  residue  on  the  filter  was  dried  and  recrystallized  from 
alcohol.  Yield  5.7  g  of  substance  or  26<7o,  based  on  the  initial  nitrodiketone  * .  M.p.  115-116*.  Recrystallization 
from  water  did  not  change  the  melting  point. 

Found  G  53.75;  H  4.16;  N  6.42.  CioH^jN.  Calculated  C  53.81;  H  4.03;  N  6.28. 

The  soda  extract  was  acidified  with  dilute  sulfuric  acid,  the  precipitate  ofd-ester  which  came  down  was 
filtered  off  and  dried.  The  weight  of  dry  substance  was  7  g.  M.p.  107-108*.  After  recrystallization  from  alcohol, 
it  had  m.p.  108-109*.  Recrystallization  from  water  did  not  change  the  melting  point.  Yield  of  a-ester  was  32%. 

•Found  %:  C  53.89;  H  3.99;  N  6.21.  CjoH^jN.  Calculated  %:  C  53.81;  H  4.03;  N  6.28. 

b)  Separation  of  esters  by  fractional  crystallization  from  ethyl  alcohol.  20  g  2-nitroindandione-l,3 ,  was 
boiled  with  100  ml  methyl  alcohol  for  1.5  hours.  Upon  cooling  the  reaction  solution  and  rubbing  with  a  glass  rod, 
the  first  crystal  fraction  came  down  and  was  separated  and  dried.  Weight  7  g.  After  two  recrystallizations  from 
alcohol,  the  a- ester  was  obtained  with  m.p.  107-108*. 

The  methanolic  mother  liquor  from  the  first  fraction  was  diluted  with  water  until  slight  turbidity  and  then 
set  aside  to  crystallize.  After  three  recrystallizations  from  ethyl  alcohol,  we  obtained  1.5  g  substance  with  m.p. 
100-110*.  Upon  recrystallization  from  acetic  acid  in  which  the  a- form  was  more  soluble,  we  obtained  the  pure 


•  2-Nitrbindandione- 1 ,3  contains  2  molecules  of  water. 
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^ -ester  with  m.p,  115-116*.  The  a-  and  -methyl  esters  crystallised  very  well  from  alcohol,  quite  readily  from 
water  and  acetic  acid;  withstood  iKdling  in  methanol  and  ethanol  for  a  very  long  period  without  showing  signs  of 
reciprocal  transformation. 

The  pure  a -form  is  readily  soluble  in  bicarbonate  from  which  is  separates  out  quantitatively.  The^-form 
is  absolutely  insoluble  in  bicarbonate. 

2.  Preparation  of  methyl  esters  in  presence  of  g-nitroacetophenone-o-carboxylic  acid.  7  g  2-nitroindan' 
dione-1,3  and  7  g  a-nitroacetophenone-o-carboxylic  acid  were  boiled  with  100  g  methanol  on  a  water  bath  for 
3  hours.  Upon  cooling,  we  obtained  10.3  g  crystalline  product  with  m.p.  80-90*.  After  treatment  with  soda,  the 
insoluble  precipitate  of  pseudomethyl  ester,  recrystallized  from  alcohol,  had  m.p-  115-116*.  Upon  acidification, 
the  soda  solution  gave  a  white  powder  of  the  methyl  ester  of  a-nitroacetophonone-o-carboxylic  acid  with  m.p. 

107- 108*. 

3.  Isomeric  ethyl  esters  of  g-nitroacetophenone-o- carboxylic  acid,  a;  20.5  g  2-nitroindandione-l^  was 
boiled  with  100  ml  anhydrous  alcohol  for  4  hours; the  mixture  was  cooled  and  poured  into  1  liter  of  cold  water. 
After  12  hours,  the  oily  precipitate  solidified,  was  filtered  off,  dried  in  the  air  and  pulverized. 

The  treatment  with  soda  solution  was  carried  out  as  in  Item  la  with  the  sole  difference  that  it  was  repeated 
not  2  but  4  times.  The  insoluble  precipitate,  after  crystallization  from  alcohol,  had  m.p.  94-95*.  Weight  2.6  g 
(12%).  After  recrystallization  from  glacial  acetic  acid,  the^-ester  had  m.p.  95-96*. 

Found  %:  55.68;  H  4.41;  N  6.26.  CaHnOgN.  Calculated  %;  55.71;  H  4.62;  N  5.91. 

Upon  acidification  of  the  soda  solution,  a  white  precipitate  of  the  a- ester  came  down.  After  recrystalliza¬ 
tion  from  alcohol,  the  substance  weighed  7.6  g  (36%).  M.p.  82-83*. 

Found  %:  C  55.80;  H  4.44;  N  5.92.  CuHuOgN.  Calculated  %:  C  55.71;  H  4.62;  N  5.91, 

4.  Reaction  of  ester  with  sodium  alcoholates.  a)  Transesterification  of  esters.  5  g  a- ethyl  ester  with  m.p. 
82-83*  was  dissolved  in  50  ml  3%  sodium  methylate  solution  in  methanol.  After  1-2  minutes,  a  crystalline  pre¬ 
cipitate  of  salt  came  down.  After  acidification,  the  mixture  gave  a  white  crystalline  powder  of  a- methyl  ester. 
The  yield  was  quantitative.  M.p.  107-108*  (from  alcohol).  When  sodium  methylate  was  replaced  by  the  ethyl¬ 
ate  the  a -ethyl  ester  remained  unchanged. 

b)  Action  of  sodium  methylate  on  0- methyl  ester.  2  g  ester  with  m.p.  115-116*  was  dissolved  in  10  ml  3% 
sodium  methylate  inmethanol.  The  substance  rapidly  dissolved,  giving  the  solution  a  yellow  color.  Upon  acid¬ 
ification  of  the  reaction  mixture,  we  obtained  a  white  powder.  Recrystallization  from  alcohol  yielded  only  a 
product  v.lth  m.p.  107-108*.  The  yield  was  1.6  g.  The  obtained  substance  mixed  with  the  knovm  ester  (m.p. 

108- 109*))inelted  without  de]»ession;  with  the  product  of  isomerization  (m.p.  115-116*)  it  gave  a  depression  and 
melted  at  89-100*. 

c)  Action  of  sodium  ethylate  on  ^methyl  ester.  0.6  g  ^-methyl  ester  was  covered  with  3%  sodium  ethyl¬ 
ate  in  ethanol.  After  acidification  with  dilute  sulfuric  acid,  white  powder  of  the  ester  was  recrystallized  from 
alcohol.  M.p.  82-83*.  The  substance  melted  without  depression  with  the  previously  prepared  a- ethyl  ester. 

d)  Action  of  sodium  methylate  on  ^ ethyl  ester.  1.5  g  0-ethyl  ester  with  m.p.  95-96*  was  treated  as  in 
Itemji.  After  recrystallization  from  alcohol,  we  obtained  thea-methyl  ester  with  m.p.  108-109*  which  melted 
without  depression  with  the  previously  prepared  a-methyl  ester. 

e)  Action  of  sodium  ethylate  on  0- ethyl  ester.  After  solution  of  the  0-ethyl  ester  in  3%  sodium  ethylate, 
we  obtained  a  quantitative  yield  of  a- ethyl  ester  vrith  m.p.  82-83*  (from  alcohol).  A  mixture  with  the  initial 
product  melted  without  depression  (at  65-75*). 

5.  Isomerization  of  g-esters  to  0- esters  in  a  mixture  of  acetic  and  nitric  acids,  a)  6  g  methyl  ester  of  a- 
nitroacetophenone-o-carboxylic  acid  with  m.p.  107-108*  was  dissolved  in  50  ml  glacial  acetic  acid.  To  the  sol¬ 
ution  was  added  a  mixture  of  10  ml  glacial  acetic  acid  and  8  ml  nitric  acid,  spec.  grav.  1.52.  After  standing 
for  12  hours,  the  mixture  was  diluted  with  water, and  the  white  powder,  after  drying,  was  recrystallized  from  al¬ 
cohol  from  \^ch  it  crystallized  very  well.  Yield  3  g,  m.p.  115-116*.  The  secopd  recrystallization  did  not 
change  the  melting  point.  The  mixture  with  the  initial  substance  had  m.p.  88-94*,  The  substaiice  remained 
unchanged  upon  being  boiled  for  6  hours  in  methanol. 
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b)  2  g  a -ethyl  ester  with  tn.p.  82-83*  was  dissolved  in  a  mixture  of  20  ml  glacial  acetic  acid  and  4  ml 
nitric  acid,  spec.  grav.  1.40.  The  mixture  stood  for  24  hours.  After  dilution,  fractional  crystallization  yielded  a 
very  small  quantity  of  ester  with  m.p.  95-96*. 

6.  g- Nitroacetophenone-o-carboxylic  acid.  50  g  g-methyl  ester  was  suspended  in  50  ml  5%  caustic  soda 
solution.  Upon  vigorous  shaking,  the  substance  gradually  dissolved  at  room  temperature  with  a  slight  yellow 
coloration  until  it  completely  dissolved.  After  filtration,  the  solution  was  acidified  with  concentrated  hydrochloric 
acid.  After  10  minutes,  the  milk-white  liquid  gave  a  white  well- formed  crystalline  precipitate.  It  was  separated 
off  and  dried  in  the  air.  Weight  44  g  (94%).  M.p.  121-122*.  After  recrystallization  from  wata-,  it  had  m.p.  133- 
134*.  Recrystallization  from  benzene  and  xylene  did  not  change  the  melting  point. 

Found  %:  C  51.65;  H3.20:  N  7.01.  C9H7O5N.  Calculated  %:  C  51.68;  H  3.35;  N  6.70. 

Determination  of  active  hydrogen  (Chugaev-Tserevitinov).Found  %:  active  H  0.98,  0.92;  number  of  active 
H  2.03,  1.87.  C9H7O5N.  Calculated  %:  active  H  0.95;  number  of  active  H  2.00., 

The  substance  was  readily  soluble  in  water  with  an  acid  reaction.  Upon  boiling  with  hydrochloric  acid, 
it  gave  phthalonic  acid,  identified  via  3-phenylphthalaTOne-4-(l)-carboxylic  acid  with  m.p.  216*.  In  mixture 
with  the  known  preparation,  the  obtained  product  melted  without  depression. 

The  g-ethyl  ester  similarly,  and  in  the  same  yield,gave  the  same  product.  The  mixture  of  both  samples 
melted  without  depression.  Saponification  of  the  pseudo  forms  yields  the  same  acid  with  m.p.  133-134*. 

The  acid  is  quite  resistant  to  alkali.  For  example,  upon  brief  boiling  in  2%  caustic  soda  solution,  it  re¬ 
mained  unchanged  and  only  more  prolonged  boiling  destroyed  it.  Phthalic  acid  was  one  of  the  decomposition 
products. 

7.  Esterification  of  g-nitroacetophenone-o-carboxylic  acid.  5  g  acid  yas  boiled  in  methyl  alcohol  which 
contained  several  drops  of  concentrated  sulfutic  acid  on  a  water  bath,,in  a  flask  fitted  with  reflux  condenser.  After 
being  boiled  for  2  hours,  the  reaction  mixture  was  diluted  with  water.  The  coarse  crystalline  white  powder  was 
separated  off  and  dried  in  air.  Weight  5  g.  After  recrystallization  from  alcohol,  the  white  needles  melted  at 
107-108*  and  were  the  g-methyl  ester  of  g-nitroacetophenone-o-carboxylic  acid.  The  mixture  with  the  known 
substance  melted  without  depression. 

8.  Preparation  of  hitromethylenephthalide  from  g-nitroaceto.phenone-o-carboxvlic  acid.,  11  g  g-nitro- 
acetophenoue-o- carboxylic  acid  was  boiled  with  50  ml  acetic  anhydride  for  one  and  one  half  hours.  Cooling 
yielded  a  large  amount  of  dark- yellow  crystals.  After  separation  and  drying,  we  obtained  6  g  (60<y<J  of  substance 
with  m.p.  205-206*.  With  known  nitromethylene  phthalide  it  gave  no  melting  point  depression. 

The  filtrate  was  diluted  with  water  and  after  hydrolysis  of  acetic  anhydride,  a  yellow  powder  came  down 
with  m.p.  150-153*.  After  two  recrystallizations  from  alcohol,  we  obtained  beautiful  yellow  crystals  with  m.p. 
153*. 

Found  %:  N  7.59.  C9H5O4N.  Calculated  %:  N  7.33. 

When  the  substance  with  m.p.  153*  was  again  boiled  for  2  hours  in  acetic  anhydride,  it  converted  to  nitro¬ 
methylene  phthalide  with  m.p.  206-207*. 

SUMMARY 

A  method  is  developed  for  the  preparation  of  g-nitroacetophenone-o-carboxylic  acid  and  its  esters,  and  of 
nitromethylene  phthalide.  The  structure  of  the  prepared  compounds  is  established. 
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SYNTHESIS  OF  HYDROCARBONS 


LIV.  TRANSFORMATION  OF  HYDROCARBONS  OT  THE  CYCLOHEX  AD  lENE  SERIES  INTO 
BICYCLIC  HYDROCARBONS  CONTAINING  A  THREE  MEMBERED  RING  -(O,1.3)-BICYCLOHEXANES 

R.  Ya.  Levina,  Kim  D.yai  Gir  and  E.  G,  Treshchova 


In  the  years  1949  to  1952  one  of  us  [1]  developed  a  new  reaction  which  was  associated  with  the  simple 
transitiCHi  of  dienic  hydrocarbons  to  cyclopropanes.  The  reaction  consists  in  the  exhaustive  hydrobromination 
of  dienic  hydrocarbons  and  cyclizaticm  of  the  1,3-dlbromides  with  zinc  dust: 


^C=C-C=C<^ 


-H2HBr  V^H-C-CH-C^ 


Br 


L 


\ 


In  the  present  work  this  reaction  is  applied  for  the  first  time  to  cyclic  dienic  hydrocarbons  -  homologs 
of  cyclohexadiene: 


The  starting  substances  were  l,3-dimethylcycldiexadiene-l,3  and  l,3,5-trimethylcycl(^exadiene-l,3; 
addition  of  one  molecule  of  hydrobromic  acid  to  these  hydrocarbons  leads  to  fcvmation  of  only  one  hydrobromide 
of  the  allylic  type,  regardless  of  whether  hydrobromination  occurs  in  theT,2-or  the  1,4-position  [2];  addition 
of  a  second  molecule  of  hydrobromic  acid  gives  the  ditertiary  1,3  -dibromide  which  under  the  action  of  zinc  is 
transformed  into  a  bicycllc  hydrocarbon  of  the  (0,l,3)-bicyclohexane  series: 


By  this  route  we  prepared  1,3 -dimethyl -(0,1,3) -bicyclohexane  (R=  H)  and  l,3,5-trimethyl-(0,l,3)-bl- 
cycldiexane  (R=  CH3)  in  yields  (after  distillation  of  the  reaction  products  in  a  column)  of  25.5<7o  and  approx. 
IQi^  respectively,  calculated  on  the  starting  cyclohexadienic  hydrocarbon. 

The  presence  of  a  three -membered  ring  in  the  prepared  bicyclic  hydrocarbons  was  confirmed  by  exami- 
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nation  oi  their  Raman  spectra  and  also  by  their  behavicw  when  catalytically  hydrogenated. 

Hydrogenation  of  l,3-dimethyl-(0,l,3)-bicycldiexane  (I)  over  platinized  carbon  at  120*  led  to  formation 
of  l,l,2-trimethylcyclopentane(in),  constants  and  Raman  spectra  of  which  agreed  completely  with  the  literature 
data: 


(0  (111) 


Consequently  the  opening  of  the  three -membered  ring  in  dimethylcyclohexane  by  its  catalytic  hydrogena¬ 
tion  is  accompanied  by  formation  of  a  cyclopentanic  and  not  of  a  cyclohexanic  hydrocarbon,  similarly  to  what 
was  observed  by  N.  D.  Zelinsky  and  B.  A.  Kazansky  [3]  in  the  hydrogenation  of  thujane. 

The  action  of  zinc  on  the  dihydrodibromides  of  cyclohexadienes  (1,3-dibromocyclohexanes)  leads,  apart 
from  the  normally  proceeding  Gustavson  reaction,  to  secondary  processes  [4]  of  reduction  and  dehydrobromination 
-reduction  of  the  1,3-dibromide  (with  zinc  dust  and  alcohol)  to  a  cyclohexanic  hydrocarbon,  cleavage  of  one 
molecule  of  hydrobromic  acid  from  the  1,3 -dibromide  and  subsequent  reduction  of  the  resultant  unsaturated  mono¬ 
bromide  to  a  cyclohexenic  hydrocarbon,  and  also  the  cleavage  of  two  molecules  of  hydrobromic  acid  from  the 
1,3 -dibromide  with  formation  of  the  original  cyclohexadienic  hydrocarbon  which  later  partially  polymerizes: 


BrZiiN^  ^-ZnBr 

►  HsC^I  I^CHg 
\/ 


JCjHjOH 


HiC-^VcH, 


Br\  /Br 

N/ 


HaC  '] 


HnC- 


\CH. 


.  |\ 


Br 

CHg 


\/ 

I 

R 


H,C-, 


Br 


Zn 


ZnBr 

CHs 


hsc-.^y:::  c.h.oh  h,c-,^Vch3 


\/ 

I 

R 


\/ 


polymer 


Formation  of  these  secondary  products  was  also  responsible  for  the  low  yield  (25.5<yo  and  approx.  10<7o)  of 
our  newly  synthesized  bicyclic  hydrocarbons  with  a  three -membered  ring  -  1,3-dimethyl-  and  1,3,5-trimethyl- 
(0,l,3)-bicyclohexane. 


EXPERIMENTAL 

1,3 -Dimethyl -(0,l,3)-bicyclohexane  from  l,3-dimethylcycl6hexadiene-l,3 

Exhaustive  hydrobromination  of  l,3-dimethylcycldiexadiene-l,3  (105  g;  b.p.  135-136*,  755  mm,n|j  1.4872 
[2])  was  carried  out  with  ice-salt  cooling.  The  obtained  dihydrodibromide  (l,3-dibromo-l,3-dimethylcyclohexane) 
was  dissolved  in  alcohol  and  reacted  with  zinc  dust.  The  reaction  was  carried  out  in  a  3 -necked  flask  fitted  with 
mercury -sealed  stirrer,  dropping  funnel  (with  jacket  for  ice  cooling)  and  condenser.  To  375  g  zinc  dust  in  560  ml 
alcohol  (95<^)  with  vigorous  stirring  and  ice -salt  cooling  was  slowly  added  an  alcoholic  solution  of  dibromodi- 
methylcyclohexane,  cooled  with  ice  in  a  dropping  funnel.  After  addition  of  the  dibromide  was  complete,  the 
reaction  mixture  was  stirred  for  2  hours  more  with  cooling,  5-6  hours  at  room  temperature  and  2  hours  with  heat- 
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Ing  on  a  water  bath.  The  hydrocarbons  which  formed  were  driven  off  together  with  alcohol  from  the  reaction 
flask,  were  then  separated  out  from  alcoholic  solution  by  addition  of  water,  were  washed  with  water,  dried  with 
calcium  chloride  and  distilled  over  sodium  (total  yield  81  g,  76.4%). 

After  the  first  distillation  over  sodium  of  the  obtained  hydrocarbon  mixture  on  a  column  of  35  theoretical 

plates,  we  isolated  three  fractions, 109-110*  (23  g),  110-126*  (27  g).  and  126-140*  (25  g).  A  resinous  residue  re¬ 
mained  in  the  distilling  flask.  After  a  subsequent  fractional  distillation  on  the  same  column,  we  obtained  the 
following  fractions:  1st  27  g,  109-110*  (748  mm),  n“  1.4358;  2nd  3.5  g,  110-120*  (758  mm),  n^  1.4340; 

3rd  4.2  g,  120-120.5*  (758  mm>,  ng  1.4318;  4th  3.2  g,  120.5-124.8*  (758  mm),  ng  1.4400;  5th  3.3  g,  124.8- 
125*  (758  mm),  ng  1.4447  ;  6th  30  g,  125-140*,  ng  1.4630. 

The  1st  fraction,  judging  by  its  i^ysical  and  chemical  properties  (see  below)was  l,3-dimethyl-(0,l,3)-bi- 
cyclohexane  (yield  27  g,  25.5%,  based  on  the  initial  dimethylcyclohexadiene)  and  after  a  repeated  distillation, 
had  the  following  constants: 

B.p.  110*  (768.5  mm),  ng  1.4360,  df  0.8056,  MR|-,  35.76.  Calc.  35.44.  Found  %:  C  87.12, 

87.27;  H  12.74,  12.83.  C8H14.  Calculated  %;  C'87.19;  H  12.81. 

l,3-Dimethyl-(0,l,3)-bicyclohexane  is  not  described  in  the  literature. 

The  Raman  spectrum  of  the  obtained  hydrocarbon  was  recorded  <hi  a  "Shteinkhel"  spectrograph  with  a 
slit  width  of  6  cm“^;  the  intensity  of  the  lines  was  measured  visually  in  a  conditional  scale  in  which  the  intensity 
of  the  frequency  1450  cm was  taken  as  10  units: 

307(0),  340(3.5;  g),  455(1),  516(0.5),  602(2),  621(0.5),  677(15),  793(1.5),  824(0.5),  884(4),  928(2),  978(0.5), 
1015(2.5;  b  ),  1102(2.5;  b  ),  1170(2;  b  ),  1192(1),  1227(2;  b ),  1290(2),  1364(0.5),  1389(1.5),  1450-1463(10;  b  ). 

Judging  from  the  absence  in  the  spectrum  of  lines  in  the  region  1600  cm"^  the  isolated  1,3-d'imethyl- 
(0,1,3)- bicyclohexanedid not containadmixtures  of  1,3-dimethylcycldiexene;  the  spectrum  also  lacked  lines 
characteristic  for  the  cis-and  trans-forms  of  1,3-dimethylcyclohexane  [5];  752(123),  1056(26),  1262(28)  for  one 
form  and  419(38),  546(47),  771(58),  1059(36)  for  the  other. 

The  3rd  fraction  (4.2  g;  about  4%,  based  on  initial  diene)  had  a  low  refractive  index  in  comparison  to  the 
lower-  and  higher -boiling  fraction,  which  indicated  that  it  contained  cyclohexane  hydrocarbon;  it  had  a  boiling 
point  near  that  of  the  boiling  point  of  the  trans-form*  of  1,3-dimethylcyclohexane;  b.p.  120-120.5*  (758  mm), 
ng  1.4318,  df  0.7783. 

Literature  data  for  trans-l,3-dimethylcycldiexane*t  b.p.  121*  (760  mm),  ng  1.4269,  df  0.774  [6],  b.p. 
120.4-120.6*  (760  mm),  ng  1.4230,  df  0.7666  [5]. 

Table  1  gives  the  Raman  spectra  of  the  fraction  with  b.p.  120-120.5*  and  for  comparison  gives  the  literature 
data  for  the  cis-  and  trans-forms  of  1,3-dimethylcyclohexane. 

The  presence  in  the  spectrum  of  the  most  intense  lines  of  the  trans*-form  of  1,3-dimethylcycldiexane 
(bold  face  in  table)  indicates  that  fraction  120-120.5*  was  mainly  trans-l,3-dimethylcycldiexane  which  formed 
due  to  the  side  process  of  reduction  with  an  admixture  of  up  to  10%  1,3-dimethylcyclohexene  or  l-methyl-3- 
meth  lenec  cldiexane  (line  1647  cm"^  in  spectrum)  and  possibly  of  cis  •-1,3-dimethylcyclohexane  (to  5%;  line 
746  cm"^  in  spectrum). 

5th  fraction  (3.3  g;  about  3%,  based  on  initial  diene),  judging  from  its  constants  and  Raman  spectrum,  was 
1,3-dimethylcyclohexene  -1  (with  possible  admixture  of  1,3-dimethylcyclohexenes  with  the  double  bond  in  another 
position)  which  formed  as  a  result  of  side  processes  of  dehydrobromination  and  reductitHi: 

B.p.  124.8-125*  (758  mm),  ng  1.4447,  df  0.8006,  MRd  36.61;  Gale.  36.47.  Found  %;  C  87.08,  87.04; 

H  13.03,  13.25.  CgHi4.  Calculated  %:  C  87.19;  H  12.81. 


•  The  works  of  Rossini  and  Pitzer  [7]  note  that  the  trans-form  of  1,3-dimethylcyclohexane  described  in  the 
literature  is  really  the  cis -form  and  vice-versa. 
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TABLE  L 


Combined  Dispersion  Spectra 


Fraction  with  b.p.  120-120.5* 

i  1,3-Dimethylcyclohexane  [5] 

trans -forms  • 

cis -forms  • 

170(0;8),'  254(1).  340(0.5) 

254(6) 

314(0),  355(4) 

377(0.8),  413-420(5;  b  ) 

409(13),  419(38) 

375(4),  438(0) 

452(1.8),  494(0.8).  547(5.5) 

450(13),  546(47) 

455(19),  488(8.9) 

565(0),  586(0),  609(2.5) 

626(13) 

674(1).  709(0.5).  746(1.5) 

748(0) 

752(123) 

769(15),  822(0,5),  850(2) 

771(58),  829(1),  849(1) 

802(3),  841(0) 

889(1;  b  ).  929(0.5;  b  ).  956(0.1) 

880(0),  934(3),  955(3) 

862(10.3),  935(13) 

970(0.5),  983(1),  1014(0) 

983(13),  1000(5) 

981(8).  1007(13) 

1056(3),  1080(1),  1107(3;  b  ) 

1059(36),  1079(2),  1112(5) 

1020(0),  1056(26),  1075(8) 

1165(7),  1183(2),  1219(2.5) 

1166(22),  1179(22).  1219(12) 

1101(11),  1164(17) 

1267(2.5) 

1268(11) 

1212(2.5),  1262(28) 

1?04(1).  1342(4;  b  ).  1460(10;b  ) 

1303(7.7),  1340(22),  1460(50) 

1308(4),  1330(4) 

1647(?) 

1364(3),  1460(42) 

Literature  data  [8]:  b.p.  124-126*  (760  mm),  ng  1.4487,  df  0.8006. 


The  Raman  spectrum  of  the  isolated  1,3-dimethylcyclohexene  is  given  below: 

170(0.5),  276(1),  224(0),333(0.5),380(0.5;V  ),  434(1),  457(1.5),  485(1),  545(1.5),  594(2),  623(2),  663(0.8), 
695(0.8),  718(0.5),  746(3),  773(3.5;  b),  808(2.5),  845(0.6),  889(0),  978(0),  1073(1.5;  g),  1104(2.5),  1136(0.1), 
1165(3.5),  1183(0.5),  1267(0.8),  1296(2),  1326(2),  1347(1.5),  1382(0.5),  1427(8),  1460(10;  g),  1640(0.3),  1672(10). 

The  6th  fracticm  (30  g;  ZQPJo  of  initial  diene),  as  its  constants  show,  contained  the  product  of  the  complete 
dehydrobromination  of  the  dibromide  — 1,3 -dimethylcyclohexadiene. 

The  hydrogenation  of  l,3-dimethyl-(0,l,3-)-bicyclohexane  (8.1  g)  was  carried  out  over  platinized  carbon 
(15<7o  Pt)  in  a  stream  of  hydrogen  (the  rate  of  passage  of  the  hydrocarbon  was  0.1  ml  per  minute)  at  120*.  After 
distillation  on  a  column,  the  resulting  catalyzate  had  constants  corresponding  to  the  constants  of  1,1,2-trimethyl- 
cyclopentane; 

B.p.  111.5-111.8*  (730  mm).  n§  1.4238,  df  0.7751,  36.93;  calc.  36.94.  Found  <7o;  C  85.99,  85.79; 

H  14.27,  14.13.  CgHig.  Calculated  <70:  85.62;  H  14.37. 

Literature  date  for  1,1,2-trimethylcyclopentane;  b.p.  114*  (755  mm),  np  1.4234,  d^  0.7719  [9],  b.  p. 
113.7*  (750  mm),  n^  1.4228.  dg  0.7728  [10]. 

The  second  possible  product  of  hy dr oge nolysis  of  the  three -membered  ring  is  1,3-dimethylcyclohexane 
which  has  a  boiling  point  that  is  considerably  higher  (from  120  to  125*  [11]  for  the  cis-  and  trans-forms). 

Table  2  gives  the  Raman  spectra  that  we  obtained  for  1,1,2-trimethylcyclopentane  (the  spectrum  was 
recorded  under  the  above-described  conditions)  and  of  the  Fenske  preparation  [10]. 

It  is  apparent  from  the  data  of  Table  2  that  all  the  lines  of  highest  and  mean  intensities  in  the  given  spectra 
of  1,1.2-trimethylcyclopentane  are  in  agreement.  The  spectral  investigation  of  the  obtained  hydrocarbon  ccmfirmed 
die  absence  in  it  of  admixed  1,3-dimethylcycldiexane. 

l,3,5-Trimethyl-(0.1.3)-bicycldiexane. 

The  ditertiary  dibromide  prepared  from  l,3,5-trimethylcyclohexadiene-l,3  (225  g;  b.p.  146-147*,  ng 
1.4770  [12])  was  reacted  with  zinc  dust  in  alcdiolic  solution  under  the  conditions  cited  above.  The  hydrocarbon 
mixture  obtained  from  six  experiments  (each  time  30-40  g  trimethylcyclohexadiene  was  taken  for  the  hydro- 
bromination  reaction),  after  the  usual  treatment  and  distillation  over  sodium  (total  yield  120  g)  was  fractionally 
distilled  on  a  column;  l,3,5-trimethyl-(0,l,3)-bicycldiexane  (20  g;  about  10<7o)  was  isolated  and  had  the  following 
constants; 

•See  footnote  p.  1047. 
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B.p.  125-125.5’(735  mmi  ng  1.4335,  df  0.7994,  MRp  40.42.  CjHigA.  Calc,  40.06.  Found  «7e:  C  86,91, 

86.88;  H  12.97,  13.08.  CjHjs.  Calculated  <55,:  C  87.01;  H  12.99. 

l,3,5-Trimethyl-(0,l,3)-bicyclohexane  is  not  described  in  the  literature. 

Raman  spectrum:  242(1;  b),  307(0),  373(1.2),  417(1.5),  451(0.3), 529(0,5),  547(3),  586(0),  635(2;  b),  693(12;  b), 
808(2),  843(1),  860(5),  912(1),  970(1),  1022(1.5),  1037(1),  1056(0),  1085(1.8),  1102(1,2),  1144(4),  1164(2.5),  1183- 
1193(2;  b),  1227(6),  1277(7;  b),  1342(7),  1384<4),  1440-1460(10;  bX 


It  is  evident  from  the  given  spectrum  that  the  isolated  1,3,5 -trimethyl-(0,l,3)-bicycldiexane  did  not  contain 
admixed  1,3,5-trimethyicycldbexene  (lines  were  absent  in  the  region  1600  cm-\ 


TABLE  2 

Raman  Spectrum  of  1,1,2-Trimethylcyclopentane 


Obtained  in  the  present  work 


Literature  date  [10] 


257—276(0.5;  t),  357(1),  373(0.5) 
504(2.5),  547(0.5),  621(0.8),  671(1) 
695(5;  b),  714(1),  795(0.5) 

833(1.8;  b),  889(8),  930(2),  957(1) 
970(0),  1014(1.5),  1056(1),  1093(7;  ^) 
1183(2;  b;  g  ),  11%(2;  b; g ).  1230(0.8) 
1270-1 W6(l;  g).  1322(0.7) 

1382(1;  b;  g),  1440—1460(10;  b) 


273(23),  358(42) 

507(43),  548(15),  616(30) 
692(112) 

832(45),  890(136),  935(74) 
1010(38),  1060(46),  1097(42) 
1182(21),  1230(60) 
1286(29),  1348(25) 
1397(15),  1458(168) 


Distillation  of  the  obtained  hydrocarbon  mixture  on  a  column  did  not  effect  a  separation  of  the  side  reaction 
products  of  dehydrobromination  and  reduction— 1,3,5 -trimethylcycldiexane  and  1,3,5 -trimethyclyclohexene,  since 
the  first  of  them  could  exist  in  two  sterioisomeric  forms  (cis-  and  trans-)  and  the  second  could  exist  in  several 
isomeric  forms,  differing  in  position  of  the  double  bond  in  the  ring  and  in  spatial  arrangement  of  the  methyl 
groups. 

After  two  fracional  distillations,  beside  trimethylbicyclohexane  (1st  fraction,  b.p.  125-125.5*),  the  following 
close -boiling  fractions  were  collected  (a  non -distilling  resinous  residue  remained  in  the  distilling  flask):  2nd 
7.5  g,  125.5-130*  (735  mm),  nf)  1.4355;  3rd  6.2  g,  130-138*  (735  mm),  ng  1.4373;  4th  10  g.  138-139*  (735  mm), 
np  1.4408;  5th  7.6  g,  139-140*  (735  mm),  nJJ  1.4420;  6th  13.8  g,  140-141*  (734  mm),  ng  1.4445  ;  7th  17.6  g, 
141-141.3*  (734  mm),  ng  1.4470;  8th  15  g,  141.3-150*  (734  mm),  ng  1.4680.  Fractions  4-7  contained, 
apparently,  mainly  isomeric  and  stereoisomeric  1,3,5 -trimethylcyclohexenes  (in  each  of  the  Raman  spectra  of 
the  4th  and  7th  fractions  the  frequencies  1644  and  1668  cm*^  appeared)  with  possible  admixture  of  1,3,5 -tri- 
methylcyclohexanes.  Accotding  to  literature  data.  1,3,5 -trimethylcyclohexene-1  has  b.p,  139-141*  (760  mm) 
and  ng'^  1.44378  [13],  b.p.  142.5-143,5"  (760  mm)  and  ng  1.447  [14];  1,3,5-trimethylcyclohexane  (a  mixture 
of  cis-  and  trans-forms)  his  b.p.  137-138*  (752  mm)  and  ng  1.4268  [15],  b.p.  137.8-139*  (747  mm)  and  ng 
1.4280  [5], 


Judging  from  its  constants,  the  8th  fraction  contained  initial  1,3,5 -trimethylcyclt^exadiene -1,3  (about 
7<7o  of  that  taken  for  reacticm). 


SUMMARY 

1..  In  a  continuation  of  previous  studies  on  the  transformation  of  dienic  hydrocarbons  into  cyclopropanic 
hydrocarbons,  a  new  method  of  synthesis  of  bicyclic  hydrocarbons  containing  a  three -membered  ring  -(0,1,3)- 
bicycldiexanes  -  was  developed.  This  consists  in  exhaustive  hydrobrominatlon  of  cyclohexadienes-1,3  and 
cleavage  of  two  bromine  atoms  with  zinc  dust  (Gustavson  reaction)  from  resultant  ditertiary  1,3-dibromocycla  - 
hexanes. 

2.  The  new  method  was  applied  to  the  synthesis  of  the  previously  undescribed  l,3-dimethyl-(0,l,3)-bi- 
cycldiexane  (yield  25,5<7o)  from  l,3-dimethylcyclohexadiene-l,3  and  of  l,3,5-trimethyl-(0,l,3)-bicyclohexane 
(yield  about  KX^o)  from  1,3,5 -trimethylcyclohexadiene -1,3. 
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3.  The  low  yield  of  (0,l«3)-bicyclohexanes  is  due  to  the  fact  that  the  action  of  zinc  on  the  ditertiaiy  1,3- 
dibromide  of  the  cyclc^exane  series  results,  apart  from  the  Gustavson  reaction,  in  secondary  processes  of  reduction 
and  dehydrobrominatlon  on  a  considerable  scale,  which  lead  to  formation  of  the  original  cyclohexadienes  asawell 
as  of  cycldiexenic  and  cyclohexanic  hydrocarbons. 

4.  The  presence  of  a  three -membered  ring  in  the  synthesized  (0,1,3) -bicyclohexanes  was  confirmed  by 
their  physical  properties  (constants  and  Raman  spectra)  and  chemical  properties  (catalytic  hydrogenation). 

5.  Catalytic  hydrogenation  of  l,3-dimethyl-(0,l,3)-bicycldiexane  at  120*  over  platinized  carbm  causes 
rupture  of  the  three -membered  ring  and  leads  to  formation  of  a  cyclopentanlc  hydrocarbwi  (1,1,2-trimethylcyclo- 
pentane),  which  was  confirmed  by  the  Rarnan  spectrum  of  the  catalyzate. 
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TETRAACYLOXYSILANES  IN  THE  SYNTHESIS  OF  a.  B  “  UNSATURATED  ACIDS 

L  SYNTHESIS  OF  CINNAMIC  ACn) 

Yu,  K.  Yuryev,  G.  B.  Elyakov  and  A.  N.  Vysokosov 


In  1868  W.  Perkin  established  that  coumarin  was  formed  when  the  sodium  detlvative  of  salicylaldehyde 
was  heated  with  acetic  anhydride  [1],  Later  stiidy  of  this  reaction  led  to  the  discovery  of  a  new  method  of 
preparation  of  cinnamic  acid  by  reaction  of  benzaldehyde  (1  mole)  with  acetic  anhydride  (1.5  moles)  in 
presence  of  anhydrous  sodium  acetate  (0.65  mole)  with  heating  for  7-8  hours  at  175-180“;  the  yield  of  acid 
was  48-52%.  Homologs  and  derivatives  of  cinnamic  acid  are  obtained  by  this  method  by  heating  a  mixture 
of  aromatic  aldehyde,  aliphatic  acid  anhydride  and  sodium  salt  of  the  same  acid. 

CgHjCHO  +  (RCHjC0)20  >  CeHgCH=C-COOH  >  RCHiCOOB. 

P 

Many  publications  have  been  devoted  to  the  study  of  the  mechanism  of  this  reaction  [2-6]. 

There  are  indications  [7]  of  the  possibility  of  slightly  raising  the  yield  of  cinnamic  acid  if  the  amount 
of  sodium  acetate  is  increased  to  1  mole,  but  further  increase  (to  2  moles)  no  longer  appreciably  influences 
the  yield  of  acid.  Introduction  of  mote  than  1.5  moles  acetic  anhydride  likewise  does  not  usually  give  an 
appreciable  increase  in  the  yield  of  acid  [7].  Performance  of  the  reaction  in  indifferent  solvents  (toluene, 
nitrobenzene)  lowers  the  yield  of  cinnamic  acid  and  may  even  stop  the  reaction  entirely.  It  was  also  established 
[7]  that  the  yield  of  cinnamic  acid  rises  with  increasing  duration  of  heating  at  180°. 

f 

According  to  the  data  of  Meyer  and  Beer  [8]  a  higher  yield  of  cinnamic  acid  ( 72%)  can  be  obtained  if 
potassium  acetate  is  used  in  place  of  sodium  acetate. 

Kalinin  [6]  showed  that  salts  of  other  acids  can  be  used  successfully  in  Perkin's  reaction;  an  example  is 
potassium  carbonate  (yield  of  cinnamic  acid  59%);  tertiary  amines  are  also  condensing  agents  in  Perkin's 
reaction,  and  their  activity  rises  with  increasing  basicity  of  the  amine;  nevertheless  the  best  results  are  obtained 
with  potassium  acetate. 

Recently  mixed  anhydrides  of  orthosilicic  acid  and  monobasic  organic  acids  (tetraacyloxysilanes)  have 
been  used  successfully  in  place  of  acid  chlorides  or  of  anhydrides  for  acylation  of  phenols  [10]  and  in  the 
Gustavson-Friedel-  Crafts  reaction  for  acylation  of  benzene  and  toluene  [10],  and  also  (as  shown  by  us)  for  the 
acylation  of  thiophene  [11]  and  selenophene  [12]. 

We  also  showed  that  mixed  anhydrides  of  silicic  and  dibasic  organic  acids  are  more  convenient  acylating 
agents  for  the  preparation  of  ketonic  acids  of  die  benzene  series  [13]  and  of  thiophene  [14]  than  the  usually 
employed  anhydrides  of  dibasic  acids  or  their  acid  chlorides,  or  the  acid  chlorides  of  their  acid  ethyl  esters. 

Since  the  silicoanhydrides  of  organic  acids  behave  in  the  above  acylation  reactions  exactly  like  anhydrides 
of  organic  acids,  it  was  of  the  utmost  interest  to  study  die  possibility  of  employing  silicoanhydrides  of  mono- 
basis  acids  for  the  preparation  of  aromatic  a. B~ unsaturated  acids.  A  successful  outcome  in  this  case  would 
permit  the  introduction  of  tetraacyloxysilanes  into  condensations  of  this  type,  i.e.  the  utilization  of  the  labile 
hydrogen  atoms  of  their  a -methylene  group. 

In  the  present  work  we  established  that  in  the  synthesis  of  cinnamic  acid  silicoacetic  anhydride  is  com¬ 
pletely  equivalent  to  acetic  anhydride  and  that  the  condensation  of  benzaldehyde  with  silicoacetic  anhydride 
is  realized  in  the  presence  of  the  same  condensation  agents  (sodium  acetate,  potassium  acetate,  potassium 
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carbonate).  In  diit  reaction  it  was  shown  that  in  silicoacetic  anhydride  and  in  other  silicoanhydrides  of  aliphatic 
acids,  the  lability  of  die  hydrogen  atoms  of  the  a  -methylene  group  is  not  inferior  to  the  lability  of  the  hydrogen 
atoms  in  the  a  -methylene  group  of  the  anhydride  of  the  corresponding  acid  ,and  that  in  condensations  with  par¬ 
ticipation  of  such  an  a  -methylene  group  it  is  possible  to  replace  the  anhydrides  of  the  acids  by  the  more  accessible 
and  more  easily  prepared  silicoanhydrides  of  organic  acids. 

Our  described  condensation  of  benzaldehyde  with  tetraacetoxysilane  (silicoacetic  anhydride),  leading  to 
cinnamic  acid,  may  be  represented  bv  the  following  extremely  probable  scheme: 


2C,H, 


o  o 

O  CHr-^-O-  -O-iH-CH, 

^  \  /  CH/:ooN«  (or  ch,cook,  or  k,co,J 

-c  +  /*'\  - ~ - - -  ^ 

\  ch,— c— o  o— c-ch, 


190-195°,  11  hours 


o  o 

Cat,CH=CH-^-0^ 

+2H,0 

C,H,CH=CH— C-O'^  O-C-CH, 


-2CH,COOH 


C,H,CH=CH-C-0^  OH 

/% 

C,H,CH=CH-C-0  OH 


•4-2H  O 

^  >  2C^5CH=CH-COOH+Si(OH).. 


According  to  our  proposed  reaction  scheme,  the  water  released  in  the  condensation  partially  hydrolyzes 
the  mixed  silicoanhydride  of  acetic  and  cinnamic  acids  with  formation  of  acetic  acid  and  the  partial  mixed 
anhydride  of  orthosilicic  and  cinnamic  acids  (or,  what  is  also  possible  ,  with  formation  of  cinnamic  acid  and 
the  partial  mixed  anhydride  of  orthosilicic  and  acetic  acids). 

After  investigating  in  detail  the  reaction  with  respect  to  amounts  of  components,  nature  of  the  condensing 
agents,  temperatures  and  durations  of  heating,  we  found  that  die  maximum  yield  of  cinnamic  acid  ( 74.5  %)  is 
attained  after  11 -hour  heating  at  190 -19?  of  1  mole  benzaldehyde  with  1.2  moles  silicoacetic  anhydride  in 
presence  of  1  mole  anhydrous  potassium  acetate  (table,  Experiment  9).  Results  obtained  in  experiments  with 
other  ratios  of  reactants,  other  condensing  agents  and  with  a  different  duration  of  heating  are  set  forth  in  the 
table. 


Since  we  know  from  the  literature  data  that  silicoacetic  anhydride  breaks  down  on  heating  to  179-180° 
widi  formation  of  acetic  anhydride  and  silica  [9],  we  checked  the  correctness  of  our  proposed  reaction  mechanism 
by  carrying  out  the  condensation  at  a  lower  temperature  which  ruled  out  the  possibility  of  appreciable  decom¬ 
position  of  the  silicoacetic  anhydride.  It  was  found  that  heating  of  the  mixture  of  benzaldehyde,  silicoacetic 
anhydride  and  anhydrous  potassium  acetate  at  13?  for  25  hours  (table,  Experiment  5)  likewise  leads  to  formation 
of  cinnamic  acid  (yield  52%). 

In  the  reaction  described,  therefore,  benzaldehyde  condenses  with  silicoacetic  anhydride  itself,  although 
this  by  no  means  excludes  the  possibility  of  its  partial  decomposition  at  a  temperature  of  the  order  of  180°  and 
of  the  partial  participation  of  the  resultant  acetic  anhydride  in  the  reaction. 

In  the  experimenul  part  we  present  procedures  permitting  the  attainment  of  maximum  yields  of  cinnamic 
acid  on  condensation  of  benzaldehyde  with  tetraacetoxysilane  in  presence  of  potassium  acetate,  sodium  acetate 
and  potassium  carbonate  as  condensing  agents. 
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Tetiaacetoxysilane  in  the  Synthesis  of  Cinnamic  Acid 
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Note.  Experiment  1  was  perforlned  without  stirring  of  the  reaction  mixture! 


EXPERIMENTAL 


Tetraacetoxysllane  was  obtained  In  the  form  of  a  white  crystalline  mass  as  described  by  Friedel  and 
Ladenburg  [9].  It  must  be  noted,  howevever,  that  occasionally  tetraacetoxysllane  did  not  crystallize  and 
remained  in  the  form  of  a  very  viscous  syrup,  but  in  the  synthesis  of  cinnamic  acid  it  gives  the  same  results 
as  the  crystalline  compound. 

Procedure.  In  a  100ml  round -bottomed  flask,  fitted  with  reflux  condenser  with  mechanical  stirrer  passing 
through  Ltrwas  placed  0,1-0. 2  mole  benzaldehyde  and  respectively  0,1-0,24  mole  tetraacetoxysllane  and  0.1- 
0.2  mole  potassium  acetate,  sodium  acetate  or  potash.  The  reaction  mixture  was  heated  on  an  oil  bath  to 
190-195*  and  in  the  initial  period  of  the  reaction  the  reaction  mass  usually  solidified  but  softened  again  after 
10-15  minutes  of  heating  at  200*.  In  certain  cases  when  the  hardening  at  200'  could  not  be  counteracted,  the 
temperature  of  the  oil  bath  was  raised  to  220-230*.  Heating  at  190-195'  with  stirring  was  continued  for  11-12 
hours  and  then  die  reaction  mass  was  cooled  and  decomposed  with  hot  water.  The  reaction  mass  was  then 
alkalized  and  the  unreacted  benzaldehyde  was  driven  off  with  steam.  Activated  carbon  was  then  added  to  the 
residue  in  the  flask  and  It  was  filtered  while  hot.  The  precipitate  of  silicic  acid  on  the  filter  was  then  washed 
twice  with  a  2  N  sobnlon  of  caustic  soda  and  cbmamlc  acid  was  separated  out  from  the  filtrate  by  careful 
acidification  with  concentrated  hydrochloric  acid.  Cinnamic  acid  was  usually  obtained  completely  pure  and 
had  a  sharp  melting  point. 

1.  From  21.2  g  benzaldehyde  and  65  g  tetraacetoxysilane  in  presence  of  19.6  g  freshly-melted  and 
rubbed  (to  a  powder)  potassium  acetate  was  obtained  22.1  g  (74.5<yo)  cinnamic  acid:  m.p.  133'  (table,  Exp)eri- 
ment  9). 

2.  From  19.2  g  benzaldehyde  and  70  g  tetraacetoxysilane  in  presence  of  16.5  g  freshly -melted  and 
rubbed  (to  a  powder)  sodium  acetate  was  obtained  17  g  (64^)  cinnamic  acid:  m.p.  133*  ( t  able.  Experiment 
4). 

3.  From  10.6  g  benzaldehyde  and  39.6  g  tetraacetoxysilane  in  presence  of  13.8  g  calcined  and  rubbed 
(to  a  powder)  potash  we  obtained  9.6  g  (63^^)  cinnamic  acid:  m.p.  133*  ( t  able.  Experiment  12). 

A  mixing  test  of  die  obtained  acid  from  each  experiment  with  known  cinnamic  acid  gave  no  melting 
point  depression. 

SUMMARY 

It  was  established  that  the  silicoanhydrides  of  monobasic  aliphatic  acids,  which  are  true  mixed  anhydrides, 
can  enter  into  condensation  with  aldehydes  and  yield  a:.')  -unsaturated  acids. 

Taking  tetraacetoxysilane  (siUcoacetic  anhydride)  as  a  model  substance.lt  is  shown  that  it  can  success¬ 
fully  replace  acetic  anhydride  in  the  synthesis  of  cinnamic  acid;  the  resultant  yields  of  acid  (when  using 
potassium  acetate,  sodium  acetate  or  potassium  carbonate  as  condensing  agents)  are  not  lower  than  those 
reported  in  the  literature  for  synthesis  of  cinnamic  acid  with  the  help  of  acetic  anhydride. 
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THE- CHEMISTRY  OF  SELENOPHENE 

U*.  ACYLATION  OF  3,4-DIMETHYLSELENOPHRNE  WITH  TETRAACYLOXYXILANES 
Yu.  K.  Yuryev  and  N.  K.  Sadovaya 


Acylation  of  homologs  of  selenophene  with  the  help  of  anhydrides  of  chlorides  of  monobasic  organic  acids 
has  been  described  by  E.  G.  Kataev  and  M.  V.  Palkina  [1]  who  acylated  2-methyl-  and  2,5-dimethylselenophene 
with  acetic  anhydride  in  presence  of  phosphoric  acid  and  obtained  2-methyl -5 -acetylselenophene  and  2, 5 -di¬ 
methyl -3 -acetylselenophene,respectively,in  yields  of  50  and  44.4  <7o. 

A  paper  by  Buu-Hoi  et  al.[2]  described  the  acylation  of  2,4-diphenylselenophene  with  acetyl  chloride  and 
propionyl  chloride.  Due  to  the  presence  of  phenyl  radicals  in  the  2,4-positions  of  the  selenophene  ring,  its 
acylation  was  possible  not  only  in  presence  of  anhydrous  tin  chloride  but  also  of  anhydrous  aluminum  chloride 
which  usually  causes  considerable  destruction  of  selenophene  itself  and  complete  destruction  of  its  homologs. 

The  yields  of  ketones  obtained  in  the  different  cases  are  very  similar  and  amount  to  75<^  on  the  average. 

In  the  preceding  paper  [3]  one  of  us  established  that  the  acetylation  of  selenophene  itself  can  be  easily 
and  conveniently  performed  with  the  help  of  silicoanhydrides  of  monobasic  organic  acids  (tetraacyloxysilanes) 
in  presence  of  anhydrous  tin  chloride.  The  corresponding  alkyl-  and  arylselenienyl  ketones  were  obtained  in 
higher  yields  (70-8O7o)  than  in  the  case  of  acylation  with  acid  chlorides  (yield  A’iPlo)  [4]  or  with  anhydrides 
(yield  32-50<yo)  [1],  as  described  in  the  literature[l]. 

In  the  present  work  it  is  shown  that  silicoanhydrides  of  monobasic  organic  acids  can  be  successfully  employed 
also  for  the  acylation  of  homologs  of  selenophene,  for  example,  3, 4-dimethylselenophene. 

Acylation  of  3, 4-dimethylselenophene  with  tetraacyloxysilanes  in  presence  of  anhydrous  tin  chloride  under 
conditions  in  which  selenophene  itself  underwent  acylation  proceeded  with  lower  yields  but  nevertheless  reached 
SO^o.  By  acylation  of  3, 4-dimethylselenophene  in  this  manner,  we  obtained  the  previously  undescribed  3,4- 
dimethyl -2-acet08elenophene,  3,4-dimethyl-2-propioselenophene,  3,4-dimethyl-2-n-butyroselenophene,  3,4- 
dimethyl -2-n-valeroselenophene  and  3,4-dimethyl -2-cyclopentanoylselenophene. 


HaC 


si(cx:or)4 


\_/ 

y  \ 


CHi 


H,C 


SnCl, 


SI(0H)4 


(R  =*  CHj,  C]Ht,  n'CiHn  n-CiH*/  CjHi). 


•  Communication  I  see  Proc.  Acad.  Sci.  USSR,  102,  763  (1955). 
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EXPERIMENTAL 


Procedure.  To  a  3 -necked  flask  (50  ml),fitted  with  stirrer,  dropping  funnel  and  reflux  condenser  with  calcium 
chloride  tube, was  added  30  ml  absolute  benzene,  0.05  mole  acid,  0.025  mole  silicon  tetrachloride  and  the  re¬ 
action  mixture  was  heated  on  a  water  bath  first  at  60-70*  and  then  on  a  boiling  water  bath  until  complete  ces¬ 
sation  of  hydrogen  chloride  evolution.  The  reaction  mass  was  then  cooled  with  ice  and  0.013  mole  anhydrous 
stannic  chloride,  was  immediately  added, upon  which  the  reaction  mixture  usually  darkened  somewhat.  Upon 
stirring  and  cooling  with  ice  water,  a  solution  of  0.025  mole  3,4-dimethylselenophene  in  10  ml  absolute  benzene 
was  added  drop-wise  in  the  course  of  15  minutes.  Toward  completion  of  addition  of  3,4-dimethylselenophene  a 
complex  formed  which  was  dark-brown,  almost  black, in  color.  Refrigeration  was  then  stopped  and  the  mixture 
was  stirred  for  15  minutes  at  room  temperature  and  then  heated  for  15  minutes  on  a  water  bath  at  60-70*.  ITie 
reaction  mass  was  cooled,  poured  in  ice  water  and  set  aside  overnight  for  complete  decomposition  of  the  complex. 
Upon  distillation  with  superheated  (300*)  steam,  the  ketone  came  over  in  negligible  quantity  with  the  benzene 
that  first  came  over  and  most  of  it  separated  out  in  the  aqueous  distillate  as  a  heavy  light-yellow  oil.  The  benzene 
layer  was  separated  off,  the  aqueous  layer  was  saturated  with  table  salt  and  extracted  3  times  with  ether.  The 
ether-benzene  extracts  were  dried  with  calcium  chloride,  the  solvents  were  driven  off  and  the  ketone  was  vacuum- 
distilled  in  a  stream  of  nitrogen  or  recrystallized  from  45<yo  alcohol. 

3.4- Dimethyl-2-acetoselenophene.  From  3  g  acetic  acid,  4.3  g  silicon  tetrachloride  and  3.9  g  3,4-di¬ 
methylselenophene  in  presence  of  3.1  g  stannic  chlcffide  was  obtained  2.6  g  (507o)  ketone  with  m.p.  52-53*. 

Found  <7o:  €  47.94,47.73;  H  5.10,  5.09.  CsHioOSe.  Calculated  %:  C  47.78;  H  5.01. 

2.4- Dinitrophenylhydrazone  of  3,4-dimethyl-2-acetoselenophene— red  crystals  with  m.p.  223*. 

Found  N  14.48,  14.44.  Ci4Hi404N4Se.  Calculated  N  14.70. 

3.4- Dimethyl -2-propioselenophene.  From  3.7  g  propionic  acid,  4.3  g  silicon  tetrachloride  and  3.9  g 

3,4-dimethylselenophene  in  presence  of  3.1  g  stannic  chloride  was  obtained  2.4  g  (49^70)  ketcme  with  m.  p.  53-54*. 

Found  <70;  €  50.25,50.27;  H  5.77,  5.83.  CgH^OSe.  Calculated  <7o;  C  50.24;  H  5.63. 

2.4- Dinitrophenylhydrazone  of  3,4-dimethyl-2-propioselenophene ~red-violet  crystals  with  m.  p.  214*. 

Found  <7o:  N  14,61,  14.44.  Ci5Hi604N4Se.  Calculated  N  14.18. 

3.4- Dimethyl-2-n-butyroselenophene.  From  4.4  g  n-butyric  acid,  4.3  g  silicon  tetrachloride  and  3.9  g 

3,4-dimethylselenophene  in  presence  of  3.1  g  stannic  chloride  was  obtained  3  g  (53<7o)  ketone; 

B.p.  134.5-135.5*  (10  mm),  ng  1.5568,  df  1.2952,  MRp  56.94.  CioHi40Se|^.  Calc.  55.86. 

Founder  €  52.27,52.29;  H  6.20,  6.27.  CioHi40Se.  Calculated  <7o;  C  52.47;  H  6.16. 

2.4- Dinittophenylhydrazone  of  3,4-dimethyl-2-n-butyroselenophene-red  crystals  with  m.  p.  146*. 

Found  «7o:  N  13.71,  13.74.  CisHi804N4Se.  Calculated  ojoi  N  13.69. 

3.4- Dimethyl-2-n-valeroselenophgne.  From  5.1  g  n-valeric  acid,  4.3  g  silicon  tetrachloride  and  3.9  g 

3,4-dimethylselenophene  in  presence  of  3.1  g  stannic  chloride  was  obtained  2.9  g  (.A^PJo)  ketone: 

B.  p.  151.5-152.5*  (14  mm);  ng  1.5548,  df  1.2660,  M%)  61.15.  CuHjeOSeFj.  Calc.  60.59. 

Found  ojo:  C  53.87,  53.89;  H  6.74,  6,82.  CuHigOSe.  Calculated  ojoi  C  54.30;  H  6.63. 

2.4- Dinitrophenylhydrazone  of  3,4-dimethyl-2-n-valeroselenophene— orange -red  crystals;  m.  p.  125*. 

Found  <7o;  N  13.39,  13.24.  Ci7H2o04N4Se.  Calculated  <7o;  N  33.23. 

3.4- Dimethyl-2-cyclopentanoylselenophene.  From  5.7  g  cyclopentanecarboxylic  acid,  4.3  g  silicon  tetra¬ 
chloride  and  3.9  g  3,4-dimethylselenophene  in  presence  of  3.1  g  stannic  chloride  was  obtained  3  g  {,^9pJo)  ketone; 

B.  p.  172.5-173*  (11  mm),  nf)  1.5792,  df  1.3170,  MRp  64.45.  CjjHigOSePj.  Calc.  62.90. 

Found  C  56.61,  56,87;  H  6.50,  6.50.  CijHigOSe.  Calculated  ojoi  C  56.48;  H  6.32. 

2.4- Dinitro{^enylhydrazone  of  3,4-dimethyl-2-cyclopentanoylselenophene— yellow  crystals  with  m.  p.  103*. 

Found  o]oi  N  12.46,  12.67.  Ci8H2o04N4Se.  Calculated  <7o:  N  12.90. 
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SUMMARY 


Sillcoanhydrides  of  organic  acids  (tetraacyloxysilanes)  are  convenient  agents  for  the  acylation  of  selenophene 
and  its  homologs. 

Acylation  of  3,4-dimethylselenophene  with  the  silicoanhydrides  of  acetic,  propionic,  n-butyric,  n-valeric 
and  cyclopentanecarboxylic  acids  gave,  for  the  first  time,  3,4-dimethyl-2-acet08elenophene:  3,4-dimethyl“2- 
propioselenophene;  3,4-dimethyl-2-n-butyroselenophene;  3,4-dimethyl-2-n-valeroselenophene;  and  3,4-dimethyl- 
2-cyclopentancylselenophene. 
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ORGANOCYCLOSILOXANES 


I.  METHYLCHLOROCYCLOSILOXANES 

N.  N.  Sokolov,  K.  A.  Andrianov  and  S.  M.  Akimova 


Organosilicon  alkyl(aryl)halosilanes  hydrolyze  fairly  easily  to  form  cyclic  polymers.  Thus,  the  hydrolsis 
of  dimethyldichlorosilane  gave  [1,2]  methylcyclosiloxanesofthe[(CH3)2SiO]n  series,  where  n  =  3-8.  The 
preparation  was  likewise  carried  out  of  hexaethylcyclotrlslloxane,  octaethylcyclotetraslloxane,  decaethylcyclo- 
pentasiloxane  [3],  tri(methylphenyl)cyclosiloxane  and  tetra(methylphenyl)cyclotetrasiloxane  [4],  hexaphenyl- 
cyclosiloxane  and  octaphenylcyclotetrasiloxane  [5],  butoxycyclosiloxanes  of  the  [(QHjOljSiOls-j  series  [6],  etc, 

r^'TT  CtOl 

Hydrogen -containing  cyclic  organopolysiloxanes  of  the  *•  series  were  obtained  by  hydrolysis  of 

methyldichlOTosilane  [7].  In  this  case  the  cyclic  trlmer  was  isolated  in  extremely  small  yield;  it  could  only 
be  obtained  [8]  from  the  products  of  breakdown  of  the  cyclic  polymers.  Hydrolysis  of  ethyldichlorosllane  gave 
[9]  cyclic  compounds  of  the  [C2H5^]3-6  series. 

Each  of  these  compounds  has  two  organic  radicals  at  the  silicon  atom,  or  an  organic  radical  and  a  hydrogen. 
We  Investigated  the  chlorination  of  methylcyclosiloxanes  with  the  objective  of  obtaining  methylchlorocyclo- 
siloxanes  and  of  studying  their  properties.  Apart  from  that,  we  attempted  to  isolate  higher  methylcyclosiloxanes 
of  the  [CHs^J  0]n  series. 

The  experiments  showed  that  hydrolysis  of  methyldichlOTOsllane  gives,  apart  hrom  the  cyclic  compounds 
described  in  the  literature:  1)  heptamethylcycloheptasiloxane  [CHs^Oj^  with  b.  p.  114®  (21  mm),  m.  p.  -82®, 

nS  1.3982  and  djo  1.0142,  and  2)  octamethylcyclooctacyclohexane  [CHs^Ojg  with  b.  p.  105®  (2  mm),  m.  p. 

-64®,  nB  1.4010,  djo  1.0218. 

In  the  chlorination  of  hydrogen -containing  methylcyclosiloxanes  the  hydrogen  in  the  Si-H  bond  is  quan¬ 
titatively  replaced  by  chlorine  according  to  the  equation: 

[CH3^0]n  +  nClj  [CH3gp]n  +  nHCl 


With  the  help  of  this  reaction  we  obtained  the  products  of  successive  chlorination  and  of  complete 
chlorination  of  methylcyclosiloxanes  of  the  [CH3^0]4-7  series  (Table  1).  They  are,  with  the  exception  of 

tetra(methylchloro)tetracyclosiloxane,  colorless  liquids.  All  the  prepared  methylchlorocycloslloxanes,  like 
the  organochlorosilanes,  are  easily  hydrolyzed  even  by  moisture  from  the  air. 

In  the  diagram  the  change  of  melting  points  of  methylchlorocycloslloxanes  is  compared  with  that  of 
dimethylcyclosiloxanes  [2]  and  with  that  of  methylcyclosiloxanes  [7]  ([7]  and  our  data). 

The  diagram  shows  that  replacement  of  a  methyl  radical  or  a  hydrogen  atom  in  the  Sl-H  linkage  by 
chlorine  does  not  alter  the  regularity  (rf  fall  of  melting  points  of  cyclic  compounds  containing  an  odd  number 
of  silicon  atoms. 


EXPERIMENTAL 

Preparation  of  methylcyclosiloxanes.  The  starting  product  was  methyldlchlcffosilane  CH3SiHCl2  with 
b.  p.  41®  (found<7o:  Cl  62,26;  H  0.92;  calculated  ‘Jo:  Cl  61.74;  H  0.86).  Hydrolysis  of  methyldlchlMOsilane 
was  carried  out  in  a  glass  hydrblyzer  fitted  with  stirrer  and  a  jacket  for  water-cooling.  Upon  vigorous  stirring. 


TABLE  1 


M  ethylchlorocyclosiloxanes 


Methylchlorocyclosiloxanes 

Formula 

Boiling  point 
(pressure  in  mm 
in  parentheses) 

Melting 

point 

_ 

.20 

«20 

_ _ __J 

Yield  (<7o) 

1,3,5,7-Tetramethyl-l-chloro- 
cy  cl  otetrasi  lox  ane 

[CH3SiO]4H3Cl 

150-152* 

-65* 

1.0977 

1, 3,5,7 -Tetramethyl- 1,5 -chloro- 
cyclotetrasiloxane 

[CH3SiO]4H2Cl3 

88(30) 

-1.5 

1.1786 

- 

1,3, 5, 7 -Tetramethyl -1,3,5 -chloro- 
cyclotetrasiloxane 

[CHsSiO]4HCl3 

101(30) 

2 

1.2562 

- 

Tetra(methylchloro)cyclotetra 

siloxane 

[CH3SiOCl]4 

220(745) 

76 

— 

97 

Penta(  methy  lchloro)cy  clopenta  - 
siloxane 

[CHsSiOClii 

~250 

-55 

1.3372 

99 

Hexa(methylchloro)cyclohexa- 

siloxane 

[CH3SiOCl]6 

,-276 

-10 

1.3391 

98 

Hepta(  methy  lchloro)cyclohepta  - 
siloxane 

[CH3SiOCl]7 

~308 

--25 

1.3434 

92 

100  g  of  CHsSiHClj  was  run  in  the  course  of  30  minutes  from  a  dropping  funnel  into  the  mixture  of  200  g  ethyl 
alcohol  and  200  ml  water  in  the  hydrolyzer.  The  temperature  during  hydrolysis  was  held  at  15-18*.  When 
hydrolysis  was  complete,  the  alcohol -aqueous  layer  was  separated  off,  the  hydrolysis  products  were  washed  several 
times  with  water  until  the  reaction  for  HCl  was  neutral  and  they  were  filtered  several  times  for  drying.  Yield 
of  polymethylsiloxanes  50  g  (96<i7r). 

850  g  polymethylsiloxanes  were  obtained  in  all  of  which  300  g  volatile  (cyclic)  compounds  was  obtained 
by  vacuum  distillation.  Fractionation  on  a  vacuum  column  of  10  theoretical  plates  yielded  methylcyclosiloxanes. 
Octamethylcyclooctasiloxane  was  isolated  by  distillation  of  the  still  residue  from  a  Wurtz  flask. 

Tetramethylcyclotetrasiloxane;  b.  p.  134*  (746  mm),  nfj  1.3890.  Found  H  (“Si)  1.61.  M  242. 
Calculated  H  ( -Si)  1.68.  M  240.4.  Pentamethylcyclopentasiloxane;  b.  p.  85*  (43  mm),  n^  1.3930. 

Found  H  (“Si)  1.65.  M  307.  Calculated  *’!():  H(— Si)  1.68.  M  300.5.  Hexamethylcyclohexasiloxane; 
b.  p.  105*  (32mm).  ng  1.3960.  Founder  H( -Si)  1.60.  M  357.  Calculated  %;  H( -Si)  1.68.  M  360.6. 

Heptamethvlcyclcheptasiloxane.  Found  <7©:  H  ( -Si)  1.62;  C  21.22;  H  6.97;  Si  46.64.  M  422,  MR  99.74. 
Calculated  «7o:  H  ( -Si)  1.68;  C  20.00;  H  6.66,  Si  46.66.  M  420.  MR  99.89. 

Octamethylcyclooctasiloxane.  Found  %•.  H  ( -Si)  1.62;  C  19.91;  H  6.59;  Si  46.33.  M  481,  MR  114.20. 
Calculated  <7.:  H  (-Si)  1.68;  C  20.00;  Si  46.66.  M  480,  MR  114.16. 

Preparation  of  methylchlorocyclosiloxanes.  Gaseous  dry  chlorine  was  passed  through  the  solution  of  the 
corresponding  methylcyclosiloxane  in  CCI4  located  in  the  reaction  vessel  with  the  jacket  for  water -cooling  •. 

The  tube  along  which  the  chlorine  passed  was  lowered  to  the  bottom  of  the  vessel.  The  temperature  was 
regulated  by  a  thermometer  immersed  in  the  chlorinated  product  and  was  held  at  20  to  30*.  The  chlorine  was 
passed  at  a  rate  of  about  0.01  liter  per  minute.  The  end  of  the  reaction  was  indicated  by  the  drop  in  temperature 
despite  an  increase  in  the  rate  of  chlorine  delivery  and  by  yellowing  of  the  product  due  to  its  saturation  with  an 
excess  of  gaseous  chlorine.  After  the  reaction  was  complete,  the  carbon  tetrachloride,  excess  of  chlorine  and 
HQ  were  driven  off  in  vacuum  up  to  100*.  The  products  of  complete  and  partial  chlorination  of  tetramethyl¬ 
cyclotetrasiloxane  were  again  subjucted  to  rectificaticxi  in  vacuum  on  a  column  (of  10  theoretical  plates). 


•  The  chlorination  reaction  proceded  exothermally.  The  preliminary  experiments  showed  that  chlorination  of 
pure  methylcyclosiloxanes  goes  so  vigorously  that  the  temperature  and  course  of  the  reaction  cannot  be  regulated. 


1062 


The  analytical  data  are  given  in  Table  2, 
TABLE  2 

Analysis  of  Methylchlorocyclosiloxanes 


Content  in  °]o 

Methylchloro-* 

1 _ 

H 

c. 

H 

6 

-o 

-o 

cyclosiloxanes 

§ 

o 

o 

o 

6 

a 

3 

o 

o’ 

a 

c 

g 

O 

13 

O 

o 

>4-1 

o 

o 

o 

o 

(CH,SiO],H,CI  .... 

17.85 

17.71 

5.46 

5.30 

12.93 

12.81 

40.80 

40.62 

1.09 

0.99 

274.5 

272 

[CH^iOkHjCli  .... 

15.53 

15.48 

4.53 

4.56 

22.97 

22.98 

36.24 

36.10 

0.50 

0.70 

309.0 

305 

[CH3SiO]|HCl3  .... 
rcHaSiOh . 

13.97 

12.69 

13.88 

12.45 

3.78 

3.17 

3.66 

3.19 

31.00 

37.56 

30.94 

36.32 

32.71 

29.62 

32.71 

29.90 

0.29 

0.32 

0 

343.5 

345 

Cl 

0 

378.0 

380 

fCHjSiOl. . 

12  69 

12.18 

3.17 

2.94 

37.56 

36.00 

29.62 

28.52 

0 

0 

472.0 

472 

Cl 

fCHi^iOl, . 

12.69 

12.70 

3.20 

37.56 

36.50 

29.62 

29.27 

567.0 

550 

Cl 

0 

0 

(CHjSiOJi . 

12.69 

12.60 

3.17 

3.22 

37.56 

38.41 

29.62 

29.65 

0 

0 

661.0 

669 

Cl 

SUMMARY 


m.  p. 


Melting  points:  1)  of  dimethylcyclo- 
siloxanes,  2)  of  methylchlorocyclo¬ 
siloxanes.  3)  of  methylcyclosiloxanes. 


1.  The  following  new  cyclic  compounds  were  synthesized 
and  characterized  -methylchlorocyclosiloxanes:  1,3,5,7-tetramethyl- 
1-chlorocyclotetrasiloxane,  1, 3,5,7 -tetramethyl -1,5 -chlorocyclotetra- 
siloxane,  l,3,5,7-tetramethyl-l,3,5-chlorocyclotetrasiloxane,  tetra- 
(methylchloro)cyclotetrasiloxane,  penta(methylchloro)  cyclopentasil  - 
oxane,  hexa(methylchloro)cyclohexasiloxane,  hepta(methylchloro)- 
cycloheptasiloxane. 

2.  New  compounds  were  isolated:  heptamethylcyclohepta* 
siloxane  and  octamethylcyclooctasiloxane. 
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THE  PROBLEM  OF  THE  STRUCTURE  OF  GENTIANINE 


N.  F.  Proskurnina  and  V,  V.  Shpanov 


We  previously  [Proc.  Acad.  Sci.  USSR^  66,  437  (1949)]  proposed  Formula  (I)  for  the  alkaloid  gentianine. 


CH=CH2 

CH=CH. 

1 

1  CHa 

- jCH-CHs 

J  I  Iq 

m!  II  L 

(I) 

01) 

According  to  p)rmula  (I)  gentianine  should  contain  one  asymmetric  carbon  atom.  Since  gentianine  is  optically 
inactive,  it  was  suggested  that  it  exists  in  nature  in  the  form  of  a  racemate.  However,  attempts  to  separate 
gentianine  into  its  optical  antipodes  with  the  help  of  salts  of  d -tartaric  acid  were  unsuccessful,  notwithstanding 
that  the  d-taruate  of  gentianine  crystallizes  very  nicely.  This  fact  made  us  doubtful  about  the  conectness  of 
the  proposed  formula.  Spectroscopic  investigations  showed  that  the  absorption  maximum  of  gentianine  in  the 
infrared  region  lies  at  1715  cm■^  which  is  considerably  closer  to  the  corresponding  value  for  the  6  -lactone, 
associated  with  the  aromatic  nucleus  (1725  cm‘^),  than  to  the  value  characterizing  y-lactones  (1770  cm"^). 
Repeated  attempts  to  detect  a  C-methyl  group  in  gentianine  showed  that  it  was  absent.  In  the  light  of  these 
facts,  it  must  be  assumed  that  gentianine  corresponds  toFormula  (II).  which  indicates  the  absence  of  a  C-methyl 
group  and  the  presence  of  a  6  -lactone  ring. 


Received  December  8,  1955 
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RECOLLECTIONS  OF  N.  V.  SHISHKIN 


December  21,  1954  marked  the  untimely  death  of  the  Director  of  the  Department  of  Physical 
Chemistry  of  the  N.  G.  Chernyshevsky  Saratov  State  University,  Nikolai  Vasilyevich  Shishkin,  who  was  born 
November  24,  1891. 

Nikolai  Vasilyevich  devoted  36  years  of  his  life  to  the  Saratov  University,  working  there  almost 
from  the  very  start  of  his  careerfirst  as  an  assistant,  then  as  an  assistant  professor,  and  finally  as  a  professor. 

N.  V.  devoted  many  years  of  his  life  to  the  investigation  of  the  nature  and  genetic  interrelation¬ 
ships  of  unstable  complex  compounds— iron  and  aluminum  sulfates  and  iron  phosphates.  As  a  result  of  these 
investigations,  N.  V.  succeeded  in  disclosing  the  natureofa  whole  group  of  compositionally  complex  compounds 
and  establishing  a  genetic  interrelationship  between  them. 

N.  V.  demonstrated  repeatedly  that  the  oxoruum  ion  is  a  frequently  encountered  structural 
element  of  the  lattices  of  inorganic  compounds  and  suggested  a  new  classification  for  the  water  in  the 
empirical  formulas  for  mineral  substances,  according  to  which  oxonium  water  is  distinguished  from  other 
types  of  water  of  constitution;  he  devised  a  method  of  detecting  oxonium  water  in  the  composition  of 
compounds.  This  method,  based  on  the  utilization  of  the  isomorphism  of  ammonium  and  oxonium  ions,  is 
distinguished  by  a  simplicity  and  reliability  of  results  that  are  considerably  greater  than  for  other  modern 
scientific  methods  used  for  establishing  the  oxonium  structure  of  substances. 

The  works  of  N.  V.  Shishkin  on  the  investigation  of  the  thermodynamics  and  formation  mechanisi*i 
of  isomorphous  mixtures  are  of  great  interest.  In  one  section  of  his  doctoral  dissertation  a  theory  is  developed 
on  the  processes  of  coprecipitation  and  interaction  of  isomorphous -salt  crystals  with  their  solutions.  The  views 
of  N.  V.  introduce  much  that  is  new  in  regard  to  understanding  these  processes  and  clarify  a  number  of  problems 
that  are  the  subjects  of  discussion  of  Russian  radiologists  of  Khlopin’s  school  and  German  radiologists. 

Under  the  direction  of  N.  V.  works  were  also  being  carried  out  on  the  investigation  of  the  surface - 
adsorption  properties  of  active  masses  of  alkali  accumulators.  These  works  are  of  importance  in  improving 
the  technology  of  preparing  active  masses. 

A  profound  and  original  scientist,  wonderful  director  and  teacher,  Nikolai  Vasilyevich  Shishkin 
was  a  man  of  great  character,  a  very  modest,  simple  and  sympathetic  person  who  was  loved  and  respected  by 
all  his  students  and  associates. 

A.  V.  Fortunatov,  A.  S.  Kolosov,  E.  A.  Krogius,  N.  G.  Klyukina, 
A.  L.  Lvov 

List  of  Scientific  Works  of  Prof.  N.  V.  Shishkin 

1.  Hydrolysis  of  Phosgene  in  Activated  Carbon,  Sci.  Reports,  Saratov  State  University,  3,  Vol.  2  (1925). 

2.  Anhydrous  Analogs  of  Aluminum  Alum,  J.  Russ.  Phys.-Chem.  Soc.,  62,  197  (1930). 

3.  Wasserfreie  Aluminiumalaun,  Z.  anorg.  u.  allgem.  Chem.,  189,  289  (1930). 

4.  Equilibrium  in  System  H2SO4  -  (NH4)2S04  -  HjO  at  98.3*,  J.  Gen.  Chem.,  8,  1125  (1938)  (jointly  with 

E.  D.  Pokhvalensky). 

5.  Course  of  Solubility  Curves,  J.  Gen.  Chem.,  10,  1213  (1940). 
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6.  Anhydrous  Analogs  of  Iron  Alum,  J.  Gen.  Chem.,  10,  271  (1940). 

7.  Wasserfreie  Eisenalaun,  Z.  anorg.  u.  allgem.  Chem.,  245,  226  (1940). 

8.  New  Variant  of  Method  of  Preparing  Acid  Nonahydrated  Ferric  Sulfate,  J.  Gen.  Chem.,  16,  977  (1940) 

(jointly  with  V.  I.  Shtyrov  and  E.  D.  Pokhvalensky). 

9.  Problem  of  Theory  of  Distribution  of  Ions  Between  Solid  Phases  and  Liquid  Solution.  Sci.  Reports, 

Saratov  State  University,  24,  3  (1949)  (jointly  with  E.  A.  Krogius). 

10.  Oxonium  Ion  in  Crystal  Lattices  of  Inorganic  Compounds,  Sci.  Reports,  Saratov  State  University, 

24,  21  (1949). 

11.  Problem  of  Theory  of  Distribution  of  Ions  Between  Solid  Phases  and  Liquid  Solvent,  J.  Gen.  Chem., 

20,  986  (1950)  (jointly  with  E.  A.  Krogius)  (T.  p.  1025)  •. 

12.  Oxonium  Ion  in  Crystal  Lattices  of  Inorganic  Compounds,  Reports  of  All-Union  Mlnerological  Society, 

79,  94  (1950);  J.  Gen.  Chem.,  21,  453  (1951)  (T.  p.  497)  •. 

13.  Oxonium  Salts  and  Formation  Processes  of  Solid  Salt  Solutions,  Doctoral  Dissertaticm  (1952);  Author's 

Abstract  of  Dissertation,  Institute  of  General  and  Inorganic  Chemistry  of  Acad.  Sci.  USSR  (1953). 

14.  Distribution  of  Ammonium  and  Oxonium  Ions  on  Basic  Nonahydrated  Ferric  Sulfate,  Sci.  Reports. 

Saratov  State  University,  34,  29  (1954)  (jointly  with  E.  A.  Krogius  and  A.  E.  Gavrikovaya). 

15.  Complex -formation  of  Ions  Fe**'  and  SO4  in  Solutions,  Sci.  Reports  of  Saratov  State  University, 

34,  29  (1954)  (jointly  with  I.  G.  Shubtsova). 

Works  Ready  for  Publication 

1.  Equilibrium  in  Quaternary  Iron-Sulfate  System  at  100"  (jointly  with  E.  A.  Krogius  and  E.  D.  Pokhvalensky). 

2.  Methods  of  Studying  Equilibria  in  Heterogeneous  Salt  Systems  Containing  Isomorphous  Mixtures  (jointly 

with  B.  Sh.  Kozel). 

3.  Determination  of  the  Specific  Surface  of  Nickelous  Hydroxide  (jointly  with  N.  G.  Klyukina). 

4.  Inorganic  Oxonium  Compounds  (jointly  with  E.  A.  Krogius). 

5.  Nature  of  Winkler’s  Salt  (jointly  with  E.  A.  Krogius  and  R.  S.  Videnina). 

6.  Structure  of  Basic  N<xiahydrated  Aluminum  Sulfate  and  Alunites  (jointly  with  E.  A.  Krogius,  .  . 

V.  P.  Permyakova  and  G,  A.  Kudryashova). 

Received  May  6,  1955 
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